

£jjgjJlg ^uuil 
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A 





A a. Vq 


1 ^LoJajV ^LeJI _lalak-a]l • 

/s ^ i ^-t \ | cJIjLaIaC- ^ 4 \ t*< ^^3 0 

4_lg 3^)]| ^jj^all L_flj^)l*J • 




<Lat*Jl ^dill O 

CjliLnl! (JjiLd o 

jUUJI ^1 jjU jjj^-all filial o 


o 

o 


^ y ^ x ^11 ^lc« diULaxJl ^4 i 

CliULaxJl ^4 jjl 

jjJjall (J-dljc. 
4_jjUiill 

Jjlll (3^C«_5 ^ j x ia ^ll 


((j^jjij 1 bit 3-^k o 
(8 bit greys ) cs^-* j5t djUtk <^1*4 0 
(24 bit) RGB fcU 24 o 
djUlk 8 j+*^ uj^l o 

djUtk 4 ^ j$i^l ojlll o 

<^k 32 RGB o 
^k 16 RGB o 
CJ^ 3 ^ o 
uj^l c3^ o 

dA^ill <laJ^)k (jj^kj • 

•^jc- C++ AjlL 4_liL<il • 

PCX jj j ^ a ^ djUL s^lji o 

(j^lll laj|^)k J44*4 o 

Sjjj^II d \\ nc. ikl • 

6^)jj^all 4 -v\l 9 d Aililkll djtliC- Jlkl 
A Vjq'l djUjc. ikl 
Sjjj^all <JjW4 Aitjkl! ClllliC. ikl 
A qli ix>\i ^ULJ djtlic. Jikl 
<J jiall (jjjJjtLJ d )\ nc. ikl o 
CjIIislSI ikl ^glc. djUUlLujj o 




2)J4 S-Lja jjJa 
4_ u s-Lda jjJa 

KTC ^Idaj^a 

^kjJa^ll £.Lja jjJa 


4 oik-all 4_jjqjl xn^ll 
A ) UH l\l 4 Unl nlN \1 


A-ilakll • 

A Uul • 

O 

o 


4VV! 



SNR • 

QjJjil! ^.LjajjJa o 

(JjlJajSI • 

^JUjl_JUdl! ^ Q \ [ I^juJ 0 

LudLudll <JaSJ o 

l s LA\ Jxilc. o 

I J±J£1\ p» j A ^ ‘ ‘1 ^ 

jJjj^ali CjVI O 

A_1a 1*JI ^)Jjj^aj]| djVl O 

CIjIjujIjuj 

l“ n. W^H AjUjaJ • 

a^ULoI! • 

<3^ • 

cjIjjVI 

*! jSiyi • 

JJJjjS • 

JJJJJ3 (j^ajL^k • 

j 4 _L.^a1I A_iaA| q 

^jjb 4_EUilL<i cjIjLSI o 

cJjp^j j ja^ij 2 ^£bl o 

(Jl £jjjJ A qjJoj Q 
^ ^Jajaill (Jl Ailj£ A qjJo j Q 

o 

(5 jL*_* ^-al jaJj o 

S^jLalVl L_fl!!)llkVl (J-<il*_xi Q 

bj-v *\\ (J2Ldj • 

j (jjlll 

J 4_^JlLq • 

(jjiii ^iLaj • 

RGB *^jj j ^ LhI^JI (jljlVl ^1 jSj) • 

(jjlll (Jj^ • 

^lc> (j^ill djl qjjJ+i • 

(j^ill j ^JVl dlbl^)^.j Q 

OJ&\ O 

yJVl (jjjiill cjbl j^j o 

4_9j^a]| (j^ill (J jl-^- O 

ojj>^ll (_>^1 • 

C5J^V1 (jjlll • 

HLS ujl5' o 

RGB j HLS u+ C++ jJI o 

HSV uj^l o 




cJaj^buj • 


4-iIa^Jl 

O 



O 


O-LoC- V 

O 


^JjjULall Jjdij 

• 


O 


C++ 4^a^]| 4 jlL ^ULJl ^nau 

O 


[_ Ujl— l9.>0.11 4_uLll| 

O 


^JjjLj1a]| ^+1*1 A 

O 



u'jj^ 

• 

u'jj^' 

O 


u' 

O 


u' JJ^ 

O 


ctaul 4 j2)Ij 

O 


u' JJ^ U^J^ 4 

O 



i i nil 

• 

i \ ■N, i lilt 

o 


L_i^uud!l j 

o 


L_1^juo]| (Jjj jf\9 X> 

o 




Cjl+UlLiiaJl 

• 

j3->m\l 4_jjgjl 

o 


4_^^a 1I (J ^Ja 4jjujLud^ 

o 


4_jjujl m"\ 

o 


4+tlJl JJjjll 4-lullul^ 

o 


4 uni k 

o 


<^*M' 


• 

4+ jlll Cl 


• 


• 


CjLlg • 

^jL^a^Vi ajj>nll Wq>nx> 3^3^^^ ^ic- S.Vmnall ClibL^JI • 

U is* -laxuJ O 

SljLol^j! Q 

I ^jlj^a^j ^ jAxa I^jujLujI CjLLgC. o 

LlAjjJabjj! ^c. S.Vnui^'l lIjUL^JI • 

AjjUSJI L-iljUqJl O 
L-jl k U'Tjbjl \ g t uLujI CllLiLoC. Q 

£-1 jllMl lg-ullu)l CjUIaC. • 

^liLyi Q 

JM' gi o 
(JL^xi s.Ijj 3] o 

JaLa]l cIjUIac. • 

4 j3^^JI L— ll iCi^ajl Q 

4 J Jo'S I L— ll /u^ajl Q 



^ 1 \_^_s_m !_s_M I ^ j\_lW 

aJjV l cjlaliLiVl o 
AjjI^JI cjlSliLsVI o 
lsj^VI o 

| ^^^juO^juO I ll 1 1 C 

AJjojLujI L_flJ^)l*J O 

JsiaJij £^j5)i o 
pi jayi o 

S^y\j c isayi o 

A_iIaL^JI A_lg^)]| A iL&C. Q 

AujujLujVI C1)UL*J! Q 

^^hq jl O 
^jLuHjVl^) jjISjII o 
jjIIJIj ^<Ja*JI (JfLl^Jl Aj^^Ia. o 
A (_£^Lg^)1I A^gjS 4^A\ju* q 

C5^ J^a]l L&*-s)l O 

j^aj) lWI O 

<^>-e)' Laplacian o 

A_l3^)j^all CjL^juj^a]| Aj^a!!/Lk Q 

(JjUtq]I ?tJ"\ ^'i 


JJki o 

O 

^>irru,yi • 

s^lc-Vl <.** A jiVi j ^g-uiluiVI (jj> *i^u)l 

j^Ji pii^yi o 

£.ljJa Jjjgjl O 

Ajjju^j]! jLa^.1 o 

f i^yi 

A-nxJlo 
.AiLqJ! o 

a_1£11a]| j a jU^iVI Sjj^II (jjill ^Ac. Is-lij AiL^JI jL^j] o 

^l^JI ^jJeLj^ L_fl J^a]l ^Ic. O 
^JaL^ll L_fl^)x^]l ^aic. O 

(^-| — |- A_^d^)i]| AjlL djljVqMl j CjL^juj^a]| j j! A ilLdl 


N-4,N-8 jIaII cj\ ^ 

L_fll - U 

l£ J^l 


jUj55JI 


o 

o 

o 

t ** 4 i\ z\c~, 

LUjV! • 


o 

o 


0J^)Jajud]| Ajl9^) hx\\ 

Anj'sll JalAjVl 

j_^a]| £> 
\ g k 's\x j ^Ac. ^jjj^all £jJa J-* 



^ jlll jjafiJ j-a jj x £jCajl O 
A qI^-v ^ ^ -\ jj| j^ jj i ^W £jCajl O 

£-Ua]| jijaJ • 

RGB fjj^ jj^aji S- 5 • 

ajjt^ill (AILjjI • 

Sjj* x^all diU* ,jxl\ ^aAlaxa • 

A L^aiLft]| S jix x *all CjU. ,jxJI jjiaj • 

S jj* x ^all CjU. jxJI d^ljjaA • 

AAjjI! jjiaj ; a jix x «all C1 jL^jxi]| • 

(Jjj^aJI jillll • 
^ jiull Ajjai ^Ata^ • 

(JJ^-VI Ajjall • 

jjaAjll aL^j] • 

£-^.ljxJI • 


^a-i^jll jA^jll A)jl ^auuaJ 


(_£A3I ^aJj£JI A] jjujj ^Ic- ^/luillj a!)L^allj l^.xiui3l j jj^xaJl lg-La j 4*LxHlai ^ x^a^jV (_£A3I jAxJlaJl L_Jj ^ Axa^ll 
* jjnc. <1 (Ja ^11 ” A uixa'sll jJ jaJl tA-iic. i JxuCa jxi o\ licAi t jLui£U Alii. ^a j&I ^aJ .aJjI i>»3 

jxi ^ailaJl AAja^a ^Jl AlkAxa jm^ ^jill J fcM V jjjuixi Aic. jl£ till] jl (j£ Al jallj Jv^ljl j ^OjoJI j] M ’’ jAiLo) j Ulul3 j 

jc. j LoAVI <Jac. ^Jl <J^aj ^jill diLajia^ll Ajjoij ^Jbj c* ij's tdiLd jia^ll ^JtaJ £jm jVI (J^a-aII jj^aJI jnajj # Ai 
ajjAj ^a j£ J (JaII ^laII SjjA^all (Ja±i3 JJJ k «oi <Ut£ (JxiaA Ajjuu]| jdaJl .JjjI _>^ (^iUl Ajjuiillj %90 J>«"» Jl (JjjjJa 

A^JI*_a]| CjUlxiaJ jjjAlc. JulJ^ jaC jaAllV LdJj .4 -si "\j| Ale. l^C-L^jlujI J IgAj j^Aj U^_al j Jj>«oil A 'sll a A) 

llll ^jjal j]| jxi .(jVl 111 Llaxitc. 1 g la jJJ^il (Jl jV Jjjla cr^ ^- C '^) JU ^ IgJl l** 1 J^ 6 ^la]| (J^l^ 

^3 ajjb^akj ^)l^)ill ^UaC-l ^Jl (Jjj^^a ^il (JjV^ ^jjxJjaij j 4 _^JI*_a]| CjUIaC- i> j^' 

^ ix> L-lila (^ 5 ^^ a J)jj ^‘i ^ 6^aJ^)£]| AjIj£ ^ilsu (Jj^J .al^jLa 

^1 ^ali $.l^)L^a bjfiA l^jj (Jj^j <j| Jla LgJ ^1 U1 UI M l-aL^sjI ^J! AiLjaVl^ 1 ^ p 

# M ^jJ^)lalj]l 

A ^JViV I 6 ^A l Vq’i ij^\ t^gC»l u^ill A xtJVil L^Ia Ul£>i A \» ~n*i jLaij^U Ajjaiillj A_iaAI (jl 

(_$ jlLaui (_}a*JI AlLojl ^^C-Lllaj^aVl L_jIj£ AiLlJ ^aJ L^£ ^C-lllaj^aVl ^ ^ 

cA-l^j^a (J-a*Jl L_fl J^a ^ (jLa ijVl (JIAiLujU ^qjujJ ^aJaill (JUaJ j 4 ^a1»JI j ^ V^Ml 

^jm *1 ^aJaill 6 ^A ^aAl (j-d 6^.1 J .PjI^ ^ x>1c.yi (jj^Ut) 6 .^ ^ j Ajl (JLaCtI ,\iqVl Ale. 

C. L_fl^)*j]| j AjjjII Ajj^aL^. i/’Wa) t^)jj^all ^jjj ^*1 j 4 \1 9 a A 

^5 ^jjj^all AjI^IaI! ^alAklujVI 6 ^ jJal x>\l ,Vq* \l ^UjI Aa. ^Jl ^jjj ^*1 j A \\ 9 a (Ja^. Laj 

Ap jjj£JV 1 CjbjujLaJl Ai 1£ jAiti j tAe. jj^JI ^a CjI \ uuVi\l l^j dujjaj ^1 j ^ x^a^j V j Aau V ^1 AjlgnlVill 

4^a jlxil ;^a ^lA jjA CjA^.j Sjjj^all A \\ 9 A m jj^all tjjAiill ojLulj^ Aa!!>lx]| djli djIjLujyi A-aJlat^ CjUjaj j 

a ^\ -v\l j \ ^ ia a_ia ,j£u^J 1 Aall^ll Cl il qjjJ^JI j c^,Lja%JI cAc^l u^ji 
A y\\* x>'l cAlpaj ^ (jlS tAa*JI tilli AjIaj ^a Iaa ^a ^cjJai]l j j-<ull (j-o ^xi Aac. c* \\ \\\\ a\W dillS 

djLlxijjl ^aAali JjJaijj jJl Ja^. UKx> j <jt§ CjUlalill oAA JJjiaJ J Adili ^Jaa3 ^g-dJAl^Vl ^alxuAVl 

(j-a Ae. ^a Ajjj^ j A^j^xi Apal ^Jj^al ^jjjxn j A^Jla_xi j CjI jAlj 

t ** \\ Q 

jfi jjjx^^ll A jujAIA ^a ^juAjujI diaAj^al ^jj^gjl A^Jl*_xi t (Jjj.uia.il j (jALaJl Jjall AjIAj £xi i cl i3 jll ^a 

jjiaAll (J-gIc. (_gil AiLCa^J J jxlluj^a (Jl jLxi jji^il jl J a) j A ^jl a xil Ajjlai]| Ac.1 j^ll ^Aalll jl ^xi cdjLdjia^]! ^aJaj j 



^jAUa jjI aJjaI ^jia^)C.(J CjUjI^aVI Aj .^3 L-JjjojL^JI (ji 


tjc-lijj! A-jj^aLk £-|j^l J&J ^kVI 
• ^)J A^JUlaII 


(JjI^ (JajLLaj ^jl ^j£aj ^A tljJajj A x jjAI^ ^ ^j^)3 <-^31 ^ c CI jIjujjI^J I A jaAIA j ^a jcJc. ^-3 (jJjoj^l-ll] A_^j^a 

^JJAJj A-aJlatA Ij^jjiaA 4^)jj^all ^JJAJj A ^ 31 * ^ A q\aM^\j Cjj^jl ^jjLiljtll ^*_^.^)a 

4 -v \1 * ^ ^jJajlJjaJ ^£^]| j ^ U^^JIj 6 S^caI A^aiajlj 

j 4 AjujAI^JI j ^)±^(J| -l2-l^j]ljj n>>! ^j\t 1 >-v 1' ^Jaill A_2^}3aj ^3 A-LuAjujI A_liLk 6-ijc. (j^^J ^jl £_£^)ta3l (jl 

\ ^jl Q*Y* ^ j! / j (] A^A^jl AxJ ^3 Ac-l^)J 
Aaj^_a (J J^°I ; I^ja C 5^^J £t3lxj <^j 3I CjliuLlill ^aC-UtA^ti^j <JjojLujV 1 CjLuaiill l_Aj£J| (j] 

Ajjj^j AjjLj^iill ^ajl -^AAI ;6 ^jaJjoia]| ^j j ■- *all ^jJalj^)]| (JjjaIiII * ^jAjJajj ^-jjJal ^ a31 /6^)aJjuia]| ^)j (JjjaIij 

^jjj3Uj Ia£ # ^gjJaU^ll (Jjlxull CjUjajj 4 jjj^I Cj ililC. <jLk-A .(jjlll J £ jjJallj jj^-all jjjIj t_xaj 4(jLuijVI 

4^)JJ^)^3 ;<Jja Aj^}£^)a]| j (JJaIxII (jjJgJa^J! iuixAI cilli ^jAjJad 4 -AjuV 1 A_ljLli]| djI^LujVl A-aJlatA CljLuaj 

j A j^VW S^ 3 ^' klL±A\ cjlui; <jjlajj l $=4 .Karhunen Loeve j ‘Hadamard 

4^aJAjlill CljUj^Jj jjj^all (jjjai^J 1 aq A j jjj^all A.^JIxa 3 ^jjlLaUJ^)ll (j^nJaiill ^jllald l_Aj£ 3I ^jJa^<£ # jJJjjil (jL^xa 

4^)jj^all ^ L— ll^).mMl j 4^jl£-^]lj (^Ja^jl cilli ^jAjJaJ 

4 dj| 4^ ^jc. (. <L^\£ ^-jj^al ^ a!| ^jJisuJajj djLd LT^ 

^nAj]| (JjV^ A qV^-v a\\ 4 J)_L1a1i]I ^ jLui dlljj^j ^^uaiq^JI ^ v (. Luo£j 4 ^joL 2^J| (J^JUJ (Jdl^j 4 

jl^jjj aIjU^aII tl^jluda. j 




^^a±j ^jl A 9 a \\ (J^aj ^ J)jj^Ml j 4 _^JI*_a]| c^ajoia]! Uj>i"\ ;IaA j ^Jl jn^Ml j 4 _^JI*_a]| <xJaj| ^tuVn 

lIjUIaxJI L-ilc.1 ,\iqvn c’* il’qjjJoMl S- 1 4 JJ^ Jjj^) i*iVqnIvfll£ Ia^. j\ 4^JajU 

^ jjJaj^d j (Jjv^qMU > u J tl g J QU>A‘il ^j^i^kVn ^ 5 ^^ J 4^)j>^o\l <j^aL^Jl 

^ J).l.l^M\ 6^)jj^al! ^I^C-V <_£^)j^)jJa ^). 1 ^** 1 A * x>\l \ a'))) # L_jl!i£il I^A ^ja (J jVl 

c. ^Ajaaj ^jll jn^Ml (JjV^ AjlL c > n^l jj ^Jl A ^jjj^all (Jj^^j j A y \1 * a <Hjoia <jU ^jjj^all J)jj ^‘i l_a^)xj 

, JojJo'sMl jl /j ftUMl 4_1^.^)A ^ 4 K Aa]| c. qlu^lVl ^,1 ^gJl AlAc. L_fl^)*j]| ^I^)a]| ^ajud^Jl 
4 _ AaC. ^AilL^All J 1^. Sjji&l! JJJAjll (Jll ^g-ulluiVI L_fl!>llkVl ^A JJJAjll JjV^ <C-JA^-Xi 

<j^aLaJl djLd^l*_A]| ) yi » *1 . J).lJ^Ml j ^Uaj <j3l^j^aA j ^ jJjuja Lill \ g 9 a“\ A j ’ll ^ ^ I j ^jjaIiII (JjV^ 

# L_ilj£il ^ja ^ J Ju ^ a J - ® JAJaJI 4 _i 1 aC. 

^A j AjjoUJ^) CjI^, j ^ J ^ 4 ^)ViV ^Ixll ^qj]o ^11 JaJa^All (JajaJ 

jl^. ^Jl (^31..^ jj^a ^jaLg (JA jjj^all Jlk^U — jjjL^all <J-^] 6*^. J • 

.J/i^Ml I^A ^\ ^jl ^.U \ g j 6^)jjb^ail ^a3^)1I (Jjjaj]| (Jj£jaJ j L_LujL^JI 

\ g jlc. A CjUIaxJI .^jqTn Ajic . jj jjm Vij ^11 0 JA ^I^a -A-ljIjuaII AjsJIxa]! j • 

( — q.^ J cill j J ^juaaJI J ijA^. c — sLaj£I i^Lja i^jJall c — cAjj ^III j Ajj i^jJall 11 dj^Ljj^Ml^ 

Iaa 4 J)JJ^Ml ^-ijAj ^ajU^ak (JaSJ ^Jl aI^.Aa]| ^ajL^ak L_lJ^)flj j (JL^.^V1 -2a j^)ja jJ 

. (JjV-^ AaIaC. ^J^jjaaj j QuuVl 

• aJUII C Vll ]Y j 3U ^ j£i j 4 JJJajII j 4^'U^'I ^Uaj lJ 3 — JJJAjll j • 



^ jjAAllI lAiA *4 Tu Aft \ (JjV^ 4x« JA*\ A jUlkj O 

.( jjJAllt ^)x*aUc.) (JjVaII 4jlL (L_flj^)*j) lJl^sj Q 

.£> j-liAJ *-^11 4 q 4 t->^tt ^jjjUla L-jLol^. Q 

.ClAiLnll AO 1 ^3 4jJ)^a]l Aju^aL^JI ^4^11 £a A^uall oA& 4 q 4 l->^ q 

^aIaIII 4.C. ja^v a c <al n«ot A^.1 ^Jl Ia& jjL^JL ^)l^)£]| A^j q 

CAULiJ! Sa^j 



jjjaj]| j A.>iU.Ail ^lall ^UJI ijJl Jafa'Lall .1 ^ui j]| 


j <JaJjau3l 4 _ia3^)1I jj! jA3I £■ jIjjj 4 aJViVIj aIsuVI SAAx1a3I CjIjL^VI 4 ft » a 4 f nwll 4 _ja 3^)1I 4 jVq'ift CA^ajuj 

;c <al n«ot 4 j^Hj ^Jj ^ > n qj jjl (j£JCj 4 -sft » ^jl aAA l_aA& < 4-^^q1x>\l 4jjl jIaII CjUjujL^J! 

Cg^ *Oj J ^ a < ^ _ ^lc- ; ^)jjl^]I 4 ^ ft * a • 

^ic. (jjjjjlLd <_ J^.Aa]| ^gic. Sjjj^a ; (JjWi • 

(_£ jIjuiaII ^Jtc. c J <- (J^AaII ^1c> 6^)jj^a ;^)jjl^]I ^-3 • 

(jA ^l!i]| ls^ c qtn^Vt ^jasUIuj j # ^)jj^all 4 'sft * a\ 4jjujLojV1 ^aIaa]) ^^Ac- £.3^ is^ 

^1 djljVqMI j ^4 aUa]| l_Jc.I (jL IaIc. (2D) *^*jVI j^jUij jjj^all 4^1 »a ^a JaIxjII LAIaia liuiijV awum # cjU£JI 

# aIsuVI ^)ji>«o\t 4_llaij] 4j jg mj Ixjoxjj j)l (j£JaJ (jlijAa jJjuj 

Jjjjuj ^jc. cQijqj’q^k (JjjjxIa (j-c 4_Ita jnc," 1 M L> qjq^'l ^AtxJI” ^ c^jc.^11 jjj^]I ^4-iuiluiVI L_fljjl*jll ij^*'}} 

Cjj^\ £ ^3j j» 6^^1 a^)1I cjI^j^j jjj^I ^ Jc. JHa j) a £-* a. (x ,y) 6 cJIaaII 

^3 ajj>/ill ((R,G,B ) 4 ^A^Jjoia]| 4-aj^ia 4jjaijj^)ll ^jl ^1V1 U^ 1 

jl 6^1 a1aVI (^iallA ^jujU ULi^.1 (4 _ic.j3) 4_j JJJ^ a S^C. 6 jjj^all ^ ^ .(x ,y) cjUjI^^U 

^A ^5^^ ^aLud^Vl L—ilc. JA'S A ^ic. ^ ji^’l L-lic-Vl <^ c ' (jU 4 qjq*\\l ^ja£jU 3a\I I^A .(J^laLiA 4 )ol fc fci J J 

4-nIUa Cl ll j\aC- ^njaj 4jj^aL^. (^Uaj (jl 4-^J a^)j ^)jjl^]I 4 -s ft » a ^a-laj # 4 q}n ia\ SCc-lS \ g ia (J^ (jj^ (j^ (J^aaII 

(jCr 4 >*4 "ill 6 jLuliJl (jouJal (4 ql^'iA) 6 ^)jjl^]I (jA & 3^“ (j^ U^J (Ja oAW a (_^JaLiA] 4 na> a 

# (j^ill ^|j| (jjjud^li] 1 a nj 





Ijlc. ajj^Vl £tljj .6 x ^ jl A m ii\^r\ LaI LjjjIj (J^dd ^Uax ^Ji SjjoJl ^djtxjui^ (_£da (j J $$ 1 “ 

i^ja AI1j\-J ^l^C-1 Jl (% 100 J 0 (J^ 6 (JLiaII (Jjfioi Jc. ) ^>aJjuJ 1 (_£*!&}! (Jjjda J^l J (_£-^l ^j^J AjIaC. 
djll djLjjlt.ti.AJ ^a3j JjJ**a Jc« aJjaaII SjLSVI JalLuj] A j\aC. UjliJl (J^aa j^. 1 ^ lx a j • djLjjJjoiA.il 

(JjJ jill) ^JjjJall ^a£ll Id^j ^l^C- ^jJLdajj 33 IjLujVl 6(JL^ AjI (Jc. tojjx^all (Jj£ojjj djLjiAC- ^joaxJ ^3 .^Lijlj ^aJ3 
jJjo^aJ (Jja t jjooall Jjldll (_£j^.Vl dj^lj^V! <J .AjjIj ^j3 Jl r J)^J 1 " SjLujVI (_£3a J Jl 1 iAt>> jjjuLj (_£^1 
^ja jm jjoi ^A-jlj^k aJ^.ja j Jqjq^ jldiA (J£jui Jc. 4 J i£ja 33c. ^clij JjuLjaII sj *J flail jjAjIaII (.^ < Jal jx a! 1 ^jjj Jl 
.A^o^o^a 3l3c-l jl 4jqjq*s 3l3c-l jA (djt*jai3l) (> j3a11 J 11a <ja£c. Jl jjAj J^.j <jVl 

Aja^JI jj-uoll (Jujbu 


J a (x ,y) 1 jLujl Ijj^j jj djjLill 2D J^ ^Ldaill J AijxoJl a [m ,n] ajaS J l SjjjJI 
Jjjuj # AjaBJI jjooall Jl Jjj^llLj ^,.At.tiJ ^jllj djlijjl dkl A jIaC (J^/Li. * jAJt.tJl 31 xjV1 JUjII s-Lda^jl 


AjjaLoiVI L_flJjlxlll (_>axJ Jl 2)V 1 jlajjjai (djlljxJl dkl^ A j\acJ1 d3£J A x^aLaJl JdaLj Jl djV3t*All <■ L^ij 

# 2 ^sajJI <J Aj*oJ ajA AjaSJI jjooall Jl (Jjj^lll A j\aC jjjIj 2)] .Aja 3 Jl jjo^allj sJaJJj J 

Jalij (jjxj /^aac-VI 2 )-® jxi j ^ jLogJl 2)^ n a. (x ,y) j-a^A^ll ^1 *-jV 1 ^pLiill ^.Ldaill ^ Sjjooq}! ^jq^j 

m = } ^ [m ,n] (> a [m ,n ] 2^' ^adi # <joiLuj A L>q j -^ja j?(Jl j (. So^jl 

^fiai ,^111 — a (x ,y ) ^ ^ .[{1- n ‘...‘n = 0,1, 2}j {1- m ‘...‘0,1,2 

c^llj j^.>.j AjJjOI ^Ic. JaAiil 3 

11 a ,_gi 2 j^L^.I 4 j£Llu i 2D 2 JL^. ^jy * Lijls ,(t) j ‘(A) 4 (z) ( 3 **^^ 

J. ^.a'l 


Columns 


tn 

5 

o 

DC 


■LI 

l 


-UL-u i. J i i m 


AMtiMi 


■ JJ. 

L I I 

QJBHBU_kJ. 


i iMmpi’'-iJjrirm 

LLJSHBBHBHBBBHBB 

u «mkj «mr 1111 

ur mi ja^riM 



IL 31 
ir 3 S 


V alue = <59(54, y, z, \ t) 


IBJkJJ 

IQHkJ 


JJxJl £jJouj Aoojfi l^J [ m =10, n=3] djljjld^Vl djl j 4 uaLuJ! AJslI j ,A_ia3j ^Jl SjaIooa Sjj-ua Jjj^j ;2 ^ 

.110 5 P ^ 1 

4oujLuj ^JaSJ (J^ J] A Ajq'l ^U/it/i'N /odoC-l 16 = III J L-fl jjj^a 16 = II J) ^) ^Jl A-jIaC- 2 1 jjo^all ^ola jJ 

AjjIjj IjLujVI Jn^l AjIaC- J .4-J JV1 ^J^-xoall ^Astil Aaj 3 Jl L_J JaII AdLudll A L>q ’i ( J Jajoi jIaII ^ jJajoill 

^g.At.tiJ l^lc« Aaliijl (_^^La Jl djU.jdi djLj jJjjoa ^ja L A Aj'q^ llJax4jl djjld^.yi ^IsuVl 

.^jttiVill aLLouj jl ^AaII t tiVi 


AoaUjJl ^1 


(jc. A_^jU OJ^ (jl cIa ^jA-sall A-allx^ Ai^L^a^l 4 at A *\\ (Jx*| ^c<Jl A-LojUs ^j 3 d3 IdA 

v j^-»» J ^Jasu X (JjdaJl .A laJjoiJ A_lg 3^)3I ^)j|j.l3l Ac.ja2u<j ^ULV Agc-^JU jl t djl_La j^)l^iJI <-** ^ Alalia (jc- 4jJ.lii3l 

*. . 


(Uill 

>jll 

J^U3I 

256,512,525,625,1024,1035 

N 

jU.Jl 

256,512,768,1024,1320 

M 

2 j^lx3l 

2,64,256,1024,4096,16384 

L 

^^Ujll djL^.jdi (_^ Jjjal>4 


Aj-aS jll S jj^a 3| J-aljSfc) AS j1uoa3| ^j! 3| :1 JjdaJl 

(JUixiLojU jl a_i^3^)11 ^jIjAI A aj jA^j (jl u^ I^a .{8,9,10 = k} L **\^ l\/l=l\l=2'K djVI-^ (_$^y La l^)jii£ 

A_^.^ju 1 ^JJju 2 ^ {£_J^)jui 3I^ Jjj^i (JlLa djI-La j^)l ^iil v J^ t * J 

^jUSII JAcuII djULkll B <jl Llua* L= 2.^ tdllii < 2 uj^j sAx. £31 A_pLajll djbjiLuiAl <j] 

.<Abj 6^jJc-a (jC- £l^V^ 1=3 Lad^C- $ (_£.}La jjl djL^lLul-aJ (jC- £l£llj 1 <B (j_$^L La*iX« ^ ^lajalll djL^jjaiA 
.”1” ”0” jl jjl*i1 m cjtlail Jc- c jJI djl^.jdi <j-a (jb jL.^a JaAA b3UA a_jjU^JI Sjjj^ajl ^k 


CjULAI Jjj-4j 

IgJ A f)\ \J| S^jjj^j! ;djUL^]l (j-a ^\ ^j| b^C> (j-a (jjfb (jl (j£-aJ (^Al J^ljjAjl £^3 dku (jl (j£-aJ ULAjuj lill^) La£ 6 ^)jjl^]I 

^.1x31 £j 3 IgJ (_£.}La ^Jl Cj ll^,^)Jj ^(_ > )ia ; ljVI j ^ jjujVI ^31 (jLl^VI L_lic.| lUx^aj^aa. (jllbl^xi (jLLajS JaAs 

Jallj 4A_li3jud3l ^jA3b Jallj (jjfb (jl cJA^^JI (j-a .(^AcJ dk 3, (_g-3l 0 (j -0 (jb^VI 4-lic-l A jj >jVI ^i^j^all 

lUjIa^Aj Aj^)I^%JI ^jjb^qJI A_iiLud3l J^l^jl ^jiLi 6^)jjl^]I d!3i (3-^ J JbM* x>\l JaULjj cA j’qj’q^ll 
djjUlj A_maJl A_^. j-a3I (JIaj (^31 ^jjj^all ^_gi dk jj jjl (j^J A j’qj’q^ 3l^c-l \ g a\°\ (^^31 lallij dJ jL-a .A jjltull S^jl^aJl 

(JlLd A_3 S^)jj^a3! (_>axJ dk jJ jjl (j^J x>\l A Ja^jl ^)jjl^ 3I . l + cA' l - oa e^' 

JjiJJl j-aj J CLl> 1£3 (Jl x^’ukil 1 I v>ijl (Jldj j)l (j^J AjujLud3l Jallj ^(JjL^aiix^l 

.RGB 

6(_pld^.l (JSLj ^Jonj^l l^l^jl ^3 c> JaS3 (j jjj 3 L-al^3l (_5 # L_J jjujL^JI djlai-ft£ (j3^ U^J A_1 a 2^)3I ^)jjb^a3l 

6 6^)jj^a3! ^)>^>l "iC^J djUL^jl ^ 4 6^)jj^a3l (JiLd A-lflLjal djLa jl^La 1 J j jj (_£^3l J 6 ^)jjl^] 3 ^gjajl^JI (jl^j^JI I v^ijl 

.(_^^kl djLd^3*^ j tjj^lll j-d 

: aJU 3I djLd jl» xill i ^ j jj (JliLa£ b\ 3a» x>ll lajj^^ll ^1 jll (jl ^4*JI 

256= j] 6 256= C> :^WVI 

^Jx3l diAJl ;A W<\JI ^ jj 
(5^Ujll djl_^,^di i(j^3 ^ j j-d 

Dimensions: Width=256, Height=256 
Pixel type: unsigned byte 


AALaaII CjULu3| ^I^jL J^ua3l All^i 

cri<all j sx> djUUj ^1 ^jlj DJ JL-a ^>1 O^D*^ 

AgjUli Sjjj^a” 




RGB :u^ 


00 00 00 00 00 00 00 00 00 

00 01 02 03 04 03 02 01 00 

00 02 04 0G OS 0G 04 02 00 

00 03 OG 09 12 09 OG 03 00 

00 04 08 12 1G 12 08 04 00 

00 03 OG 09 12 09 OG 03 00 

00 02 04 OG 08 OG 04 02 00 

00 01 02 03 04 03 02 01 00 

00 00 00 00 00 00 00 00 00 


j3jla (jaJ wbit ‘117= jVI ‘162= 




jijiLd (Jjj2 ij! i i a ^ jj 428= ‘128= 


-gj] 6 l_i£^>a3I ‘128= ‘128= 




(RGB) 3 s 


ci uUll \A W<\jl ^ jj ( 3= ’igjl ‘ 256 = ^U 2 jVI ‘ 256 = 

^.1 j Asu SjLuol ” 





V \A ^ 6 1 = ‘701= 0*^^)%]^ 

^J! dUtu" 



V :gji)l ‘float 02= 2**^ 02= jVI ‘40= o^ j*l!' :^aJI 

Sjj^Jl Cjblag' ^uLu^k 

^ j^jl gLdVl £^9 jj^ll ^ ji ^4} ‘4i) 1 ^ t jj>/ill CjUIac- qsiusi ^* ) j (. qju^iM tilLlA 

/oUasc^j! A_i1aC^L Jajj^^ail ^LuiaJl s-L-laJl £)J$~l ^3 jl d^lxiaJl gxa J~43' 

L-AA A m\\ 

a ^cjU 6^)jj^a ^Jj Q [^ JXl ,n ] 4-1 ^Aa] 1 a^jj^jl JjjVi' A_lg 3^)]| ^jjjb^all 2ij d I gl g£d dt j\x>* \l £- 1 ^j| 

.2 ^3g (J ^9 ^jJa c. <al n«ol Aj^Ij ^Jl c. Vuit^i gl g£d ji) b [m ,n] 


MjaiUt /^bdl <_ul ,j5H 


AulaaJl 

<dju 

^9 A '‘v^u'l A xnq'j ^ic. Ja£3 dusu SAWati dljj|,la.yi ^3 A_xu3 

.CjUjI^VI (jjoflJ 

* Point 

p 2 

(Jjoij <^3 jl jaJl ^j 3 ^^Ic. dlisu *d,Wx>\l CjUjI^VI <^3 A_xu3 

.dLjl^Vl 

* Local 

N 2 

Sjjj^all ^3 ^iill (J£ ^ic. dusu SAWati CjUjI^VI ^3 A_xu3 

# A_L^Aa]| 

* Global 


.P x P= jt>?Jt ^ ‘ n x n= Sjj^J!^ .jj-ali cjUi-fr ^ijj’i :2 <Aj JjJaJ' 

.3 ^ j ^joi^)]I U iU^*i J< . ~~' j ^jajj I ji*b _4_j:Ui 4 ItQ' 3^ diULa*JI ji^-o l_u£^jj] 1 <jl _Lx^. v ^j 



a b a b 



Point Local 


a Global b 



* = [m=m 0j n=n 0 ] 


Sjj^uall CjLIajlS jjSf! ^LuajJ ;3 ^jll 




^Jjua 3J 4_iiu dl ^_3 ^.aII 111 .4jj,.lall 4_p3^)ll ^jjj^all 4pltxA ^ a i. ixlj ^)l^pll CIjLAaC. 
.^jj^gjl 4 y \1 * a CIjLAaC. (JajCLujJ <jl ^jll AjiHLaII ^jl^q^jl Jatiiil I1& <jl L_fl^lj CIjUjc. 

^joj^) 1I ^ ^jJaj Ia£ S^)jj^gj! ^Ac. 4 IjWnti^ll A^Jjudll p x xl£l1 tdjVI-^Al ^)A^I - (J-ilalLoL^jl ClAijC. *lkl * 

.ab 4 jll s jAlill CjI^JI Jl liA .2 e*J 

Q 4 ^auuJ^ll ^9 ^ x A diLu^JI C^.V (JjCJllI JaAaiCgjl - ^ ^ >■ ^ V I ^joll^jol CllLiiC- Jl^.i ^ 

D^jj^all $.LCa3 (Ja*^ a A~>jWl (JIaj IaA^I£ j £jujI j cs^ (J^^P djl m 11 *lkl Cl ll Inlrsxi ^C. (J£ 

.6^£pVl J 0 aI^)JI CjIjLjC. 1 *■ . 1>*n i Jais <J£juJI ^JjAVuha'I C* \\ '))* \\ ikl ^£* tUiUljj j£ j£)jui <jaj . j-CLulaII 


<jujLudll 4_lafij ^J3 ^Ac. ib[ 171= 171 o, n= n 0 ] AjuApjjl 4 Jaaj 4 _aj 3 4 jl«\ a\I CjUIaxII ^Jadli 

4_1L^. ^A 4 j ’il a* II ^)l ^pAI Aataj j 4 ju^)VI ^jl ^pAI Aallj • tc . jjjuj ^A^Vl _jl ^pAI (j-® }\\ . 5[/77=/77o, A7= A7 q] ,jl ^pll 

.4 ^9^) ^ajuj^)ll ^9 4_^jCa^pll ^jujIAjoAI djLuxll C-^.1 <1U ^9 4 Utill _j! jpH Jallj j (JjIVumaII dll \)* 11 ^ikl 



jjJjjjl J-aljC' 


4_j£Ludll ^jjj^all ^j^jlSI ^jl ^jU^iVun (Jj ^^Lo.Vq^ll oIa 4_ilc.lij d^pCiaII ^)jt^o\l 4pJl*_A L_fljLaj V 

jii£VI 41 !^j 3I 4 jq\l (^jJI jjjI*-a3I jSU - ^jjJall ^jujUJI J CjVI QA si j^-lf 

.3 Hb J. ^ pu >a 3I .NTSC, PAL, SECAM - ^uii ^ Lluvu^i 


Standard 

NTSC 

PAL 

SECAM 

Property 




images / second 

29.97 

25 

25 

ms / image 

33.37 

40.0 

40.0 



lines / image 

525 

625 

625 

(horiz./vert.) = aspect ratio 

4:3 

4:3 

4:3 

interlace 

2:1 

2:1 

2:1 

us / line 

63.56 

64.00 

64.00 


^ic- (JIjaj) dl3 ^11 t kx^ajJ LlJ^jJa ^juiaj ( # # # 6 1,3,5) S^j.Axa]| ;A^jliulj^]l ^3 

.Lg$i4' c *La$ 1 gi Uj^jja ^cju^j ( . . >2,4,6 ) %j-0 (Jl JajlaaJlj (PAL g^ ms 20 - 

<Ll2^3 L—LLudll ( gCa^)JtJl g^aLiJl ^ajudfl]! _jlajl) # 6^A ^juIaII Ajt-U-a £A (J^juoJJ (jl L—L^J gpa^)C. 

(JLsixJjojV LLk O j ljj| JU> g_3 .AjJaj^jegj! ^3 Alakj^L ^ji't x^Vl ^A ^j^j4]I ^juiA 

J^Vuai j JS.U1J (^LLaj La I j] L_fl^)*j gjl ^_a!I ^ja AjU 4<^Uaj£ jJ,^l3 3 v <ja CIj^juja ^£}l 

J in-vNfl l ^\ l»n .g^ia^iJl gjjdiil 0 aI^)J ^I^JjojU A_AaxJI ^-4^1 g£^)j^)jJa]| U^ ^ jl gg-^A)^ 6^_^l 

l " 4 k \ ■>. \ 1 L >1 4 > 1 l\ l ^ 1 A. A^^^IiaII 

cSAaC-VI # Jj^jill ‘^jji-^ ^3 £A kaj k>-v Ia^aC- g£jLuilJ g£^]|j jIiAfl (fl) t JJ10 

Ail gjjaAi] t*o\*iA. ^ ^)Jal .Aj^ii^) ^Jj (JaxIlLj ^jjl djLlj V 1 Ajt-nJa ^glc. Aaixj tgjl^ AjI LT^ 

(J£3 (LujLuj Jalij) ^jac. 768 ji *512 4 3 84 = M jlii jj.iii]| 


(A-Jallil IsIajVI) 4j il nil iailj^i] jLuujVI Ja!j 

Jataill 6^A .OJ^ 4-a}3 L$ J^* 1 ^ *1 (J£ 6 Ll^]l gg^-^4 L2/LiJl ^ja A a^Yia A IjIVuua A£j2o£ Ai^)*Ja A jki<nll JaL^jVl 

JaLaiVI g^ll g^jll g£^)^l (_>*al ^AJafij ((jjil]^ (3^) jL^1*_a]| J Jal^jl Ai^)*_xi 

^^jjjjajLujVI (J^aIjlII dAfllilua) lAi£l A jliq'ill 


■N pixels borizontally- 



^J^)A ^glc. ^jLiiC-VI (Jjlsu J l^kj Jal^jl j ^isl (J5 juoJ LajIj A_^. jJ A jliq'ill JaLdiVI (jl 

# Li1aC. ^>i ^)ia^)xll (J^Jall Ajjaij ^A^jc- ^C.^)11 j 

^gA 3_JU3l Ojjj^all JHaII (JjJjuj ^glc. # L_J jjujUJI ^glc. Jjj^all JjIaI] QajlIx * J AjliVllI JaU^VI diVl^Jl c jldl ^ 

A^<u3 256 (j^ ^ qVi^x> Aj^Lo^) ^ai 3 tilLj A k>q *1 (J£ j 4 ^^jaC. (J5 kl) ) A k>q *1 294 6 1^1 A k>q *1 397 ^ Vi AlaJ^k 

. *4]aI1^A 






(LuiiOcH 4 ^ 

(jl djLa^la^a Aaa£ . .(jj^ djLa^l*^o£ Site. ^jjuoaj 6 6 ^ua djLa^ixA A^lj^li AJaJ^^jl ^3 A laflj (Jfl 

# !>lijaj| Ai tg \ a AjjaLlJ^ll 4 ^)JjIjLa]| (jlaXJ til IdA (j£l L- ll^jg 1 (_3JjJoMl (jj^j 

(o^ajji j a> 3|) 1 bit S^t j 41 a 

6^)jj^all ^Jj 4 Vit ill djUnll AJaJ^k (jl A laaj (J5L1 (jA^kj (jl (j£Jd (_£a!I (JjLg ^1x_a1I ^ J\~\a lAA 

lj)\ Ja^)Lgij .(jiadjVl ^-1] ^JjoA 1 6 A jjujVI C 5 ^] J^AlJ 0 AjujLudll Jallj <j] j A ^juJ jl (j^ill AjaL^I^ 

^j^ill ^J] X tA^J j (j^l Q 6(jU j\ 1 j^juisj (j» ^a Ua £ jVill *s 

(8 bit greys) £4 !a 4-JUj 

djVl^ll <>AA Ia] A qVi^x> aJU> 256 <^) (_£AjJ (j* (^^a 8 ) AJakj (3^ aJUJI gAA ^ 

SaIc. A jjuj^U ^JjoiJ 0 (_>ai . C5AU jl! (AjL^^Aj 6^)jjb^a ^i] ^JjoA djUill AJaJ^k ^11 A jjujVI (Ja AJalaLja 

50 (jj5jku 127 (3 (jljLa 4 (JHa 1I (J^f^ es-^ jll aIac-VI ^a AjaLg^)1I (AjUjIiulaII <j] .<W^ 255 J 

>C _£AIa ^ jl ^jluLfcj % 


0 255 

255-0 caUjILoiaII Ic. jjJj t^juj (_£ I u^ AjaLg^) 1I ^dill ^ d. 

.^Ijaa 0-65535 ^ \$UU\"u* ^aI jJI o«j ^ 0-1 


kVl t^)A^.Vl (JA (J£ ^-1] djllk 8 lAA (_y ax 


(24 bit) RGB fcli 24 

6(_£ALa djULk 8 (Ja A-iltdll oAA 


UJ^J 

Cj\ J-u^ dll^l (JaI^JIj A^ALoLfiJI ^UjjjV j^djj 255 dll^l A^ALaui V Aj| ^11 j^Ajj 0 ^-aj^]I 4^jj£^ <3^ 

(j^l 16777216 Ac. dllAA aaIi^ AiL^. 256 4i (Jj^a 3£ 




•r = g 


jA U£ JS1 Cl 

jidJ ll duUll tilli ^ 



j^l d ROB ^^Caa .LjJjjojL^J! cLjLgjjoj^) ^juAjoj! ^j<Lq RGB £y? 

.r ,g,b fiC^bcixJI cjUjI^VU ojd]^ s- 13 



I3 i L_lx£^]| ^)Ja3 (J CS^I ^ (j-a JaL (JfLujj 4 jCLg jjjl ^aJ^jl <j! 


£ jUIa 8 lH 


jIjjIj 3 cJlaxJjoil QjAj ^ j]^q i\i Jjlll JaLdil (yJ^fiL) 4_plj^al3l ^)j£l (Jjj^)Ja (j^ill 

I A x>jq\l ^jVl 6 -LlS3 Aj CjJajj^)] *1^,1 j dllU IgJ (J^ 6 CjUL^, g 4_pLa^) 4 j]pq ’i JaLail £a <jLk]| 
# <jl 4-^. (J-3^ S-LCai-a SlJajai^jl 4^jl (J <^j (j^ (jjilji 





Index 


Red 


Green 


Blue 







1 




2 

0-255 

0-255 

0-255 

3 




4 








254 




255 





ejlill SJajji. (jli g-3 gjl 256 (Jfll dlliA 111 ^j^lll ^liaj (JlLd 4 xag xAI dlliA 

jju-all CjI jjjIjj jAaII (jJjilll .CjULJI l8> ^\ 1 L)j^ i) (J^-3 AjIa. 24 <*— 4_iaJ^p. ^ ^JC- 

^p^J| ^ixu^alllUj I^j3 djll2l _JJ)C ^ I1& t(jl (J j^jUJ AJaLuUJ l^aJj U' A^^^lLoSl 

# dju2l A-LaJ^kl jj^Jall *Saa1a CjIjjjxj ^1 ^£,2jJ (jl 

<La. jL (jjj^)£iixJll C5^l U <_^A 4-}A_li]| <JaJ^^H 4_jt_a. 24 ^JJ.^I {^yak ^ j ^lll A^^jllJuLgjl 4 ^<^jl 

.djlAill 4_laJ^}a. S^SjlL^jl j)l (^£_LaJ (JjJa3l ^JaxJ ^lll 4_^.j^}l t dill i4 .LaiaJill j)l ^iVl 


CjUIa 4 lh O i^t 

J J £c- 1 j IIa .(JJ'Jl <Uax 1 uix 4 dlliLk 4 tdlll^JI L ^aj Jaia Ua 4 il I^C. 1^3 CjULk 8 (jjffl <J] lS^-* IIa 

.gjJ 16 



Index Red Green Bine 


D 




l 




2 

0-255 

0-255 

0-255 

H 




4 








14 




15 





32 RGB 


(jlLl (ji SU11I 6 1 a .till slii L Ai j^)*^]| Aj^Ljaj cjuj 8 ^Jaj^skj u^ AjL^. 24 (j_^l SjIc- 11a 

,Ajflli4Jl (Jldj jl ^Jj'S^xAI (J^LLaII 













^ 16 RGB 


tall 6 j (j^l (j_j^a JS1 diljl^ Ss- 3 Ld^^c- I j& 



Red Green Blue Alpha 


I 6^. j\ j jV ^JaJ jl ^£jx*al (J£julJ A-Jaalll JaLajVI ^lajj La^ic- dlt^jl <JaJ^k 4jv^l ~\ ^ jjJa^ll 

6^. j qp | (_£^kl Aj^U (j* U.J^ U' U^ U^ Aj^a jl (J£l Jata^jl ^9 ojlc. £ jjJs ^11 .A-^jJal j jlxjl tgJ (Jjjj] 

j-<ix]| J £■ jjJa 3H ^3 £■ jjJa J^\ tAlilalLoui Jataj nXIl S^^-^VI .l£ 3^> (jaLS 

(jU dlAj (j^l j^aC. ^ h* a 1^. ^_xa ^gJaac^jl dlL^jl <JaJ^k d)La^*-^ (_£ j"\~\a ^jxa (Jq*Una (jjfLi (jl ^ jjJa^ll ^ j g 

t(JL^. AjI ^Ic. _>^l .IjssI j lS* y^ eft Uqg]> ^.Asu (jLuj A qVi's^ll A-i)aai]| JaLaiVI (j^ diLa^*-^l <_£ j"\~\a 
Ljajl (j£JLi 3A (_£^ll 4 Jaa^jl (jl l* % P'S jjJa ^11 ^Ic. Axusu ^laJ jl (jJajxi dlllLlI <JaJ^k Ld^jc. 

.‘CalaJl (JjAxS] (J.a».1uiJ (jl 

o^A CjIjjII A_Ljj^ lil #(- £j j^C. j£2dJ A_kaj 100 J l^f A_kaj 200 ^ <^lj L?^-^ A-JIjJI dll^jjl A_iaJ^k jilsu 
DPI 200 is* )9t ^ dlljjll A_Ljj^ (Jjaij JU> All i J\£- lil S^lj Aj^a J ± I <jtl^a jJ (jJdJSJ 'ej|j DPI 100 

4_^a ^all *■ o ' WaQ oA^.1 j 4 ‘ -^ Jl.' l^ili 


200 pixels by 100 pixels at 200DPI 




200 pixels by 100 pixels at 100DFI 


.LJjiJI dy*' 


A qVi^x>\l (j^ill (3-^ ( *— ^ il-iLlaj ol^l ^1^1 j (j^l (3 axj dil^jl (JjIxu] ^jjjjJa I (jLi^VI L_iic.l 

(jl (j^J <*— lUill c :> <jjJa3 cilllA (JjJ^ dlUill <JaJ3^, j)>4 (JjJa2l (j^l tgJ (jja^iJl I^J A Sl^l I j] 
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//********************************************************************* 
■k : k 

//************************** Read Pcx File 

************************** 

//It******************************************************************** 


-k * 


class READPCX { 
private : 

byte BitsPerPixel ; 
byte NPlanes; 

word BytesPerLine, Ylen, Palettelnfo, Y_MAX; 
word BlkLen; 

FILE *f , *pt; 
byte far *fptr; 

void read256col (word, word) ; 
void ReadBlk(word *,int); 
public : 

char rdpcx (word , word, char *) ; 

} ; 


char READPCX :: rdpcx (word xl,word yu,char fname [MAXPATH+13 ] ) 

{ 

unsigned int CurPos,i; 
struct ffblk ffblk; 

if ( findfirst ( fname, Sffblk, 0 ) == -1) return (1); // file not found 

BlkLen = (word) coreleft () ; 
if (BlkLen > 0x8400) BlkLen = 0x8000; 

if (BlkLen > 1000) BlkLen = BlkLen - 600; 
else return (16); 


fptr = (byte * ) calloc ( (unsigned long) BlkLen, sizeof (char )) ; 

f = f open (fname, "rb" ) ; 

if ( f read ( fptr , 1 , 128 , f) == 0) 

{ 

free ( fptr) ; 
fclose (f ) ; 

return (4); // error read file 

} 

if ( *fptr ! = 0x0a) 

{ 

free ( fptr) ; 
fclose ( f ) ; 

return (2); // not pcx format 

} 


BytesPerLine = ( (word) * (fptr + 67) << 8) 
Ylen = (( (word) * (fptr + 11) << 8) + 
(word) * (fptr + 10)) - 

(( (word) * (fptr + 7) << 8) + 

(word) * (fptr + 6) ) ; 


+ * (fptr + 66); 


BitsPerPixel = * (fptr + 3) ; 

Palettelnfo = * (fptr + 67); 

NPlanes = * (fptr + 65) ; 

if ( (BitsPerPixel == 8) && (NPlanes == 1)) read25 6col (xl , yu) ; 

else return (8); // not 256 color PCX 

free ( fptr) ; 

fclose ( f ) ; 

return ( 0 ) ; 



} 


void READPCX : : read2 5 6col (word xl, word yu) 

{ 

word Nstr; 
word LenBuf; 
word Pblk; 
byte c; 
byte symb; 
int i; 

float kx,ky; 

char Pal [8] = { OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF} ; 

kx = (float) 159 / (BytesPerLine - 1) ; 
ky = (float) 159 / Ylen; 

//kx = 1; 

//ky = 1; 

setf illpattern (Pal, 0) ; 

bar (xl-14, yu-1, xl + 147, yu+129) ; 

Nstr = 0; 

LenBuf = 0; 

ReadBlk ( &Pblk, 0 ) ; 

while (Nstr <= Ylen) 

{ 

c = * (fptr + Pblk) ; 

if (Pblk == BlkLen - 1) Pblk = -1; 
if (c - OxcO > 0 ) 

{ 

symb = * (fptr + Pblk + 1) ; 
for(i =0; i < c -OxCO; i++) 

putpixel (xl+ (int) ( (LenBuf+i) ^kx+0 .55), 
yu+(int) (Nstr^ky+0 . 55 ) , symb) ; 
LenBuf+= (c-OxCO) ; 

Pblk+=2 ; 

} else 

{ 

putpixel (xl+ (int) (LenBuf^kx+0 .55), 
yu+ (int) (Nstr^ky+0 . 55) , c) ; 

LenBuf^ ++; 

Pblk++; 

} 

if (Pblk == BlkLen) ReadBlk ( &Pblk, 0 ) ; 
else 

if (Pblk == BlkLen - 1) 

{ 

*fptr = * (fptr+Pblk) ; 

ReadBlk ( &Pblk, 1 ) ; 

} 

if (LenBuf >= BytesPerLine) 

{ 

LenBuf = LenBuf - BytesPerLine; 

Nstr++; 

} 



} 


} 


void READPCX :: ReadBlk (word *p,int s) 

{ 

*P = 0; 

if (s == 1) fptr++; 
f read ( fptr , BlkLen-s , 1 , f ) ; 
if (s == 1) fptr--; 

} 

J 'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k 

! j ^^^^^^^^^^^^^^^^^^^^^^'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k'k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k'k 




void Set256Palette ( ) 

{ 

unsigned int Seg; 
unsigned int Off,i; 
unsigned int CurPos; 
unsigned char Palette [ 7 68 ] ; 
struct REGPACK reg; 

CurPos = ftell(f); 
f seek ( f, -768, SEEK_END) ; 
fread( Palette, 768, 1, f ) ; 
f seek ( f, CurPos, SEEK_SET) ; 

for(i = 0;i < 768;i++) Palette [i] = Palette [i] >> 2; 

Seg = FP_SEG (Palette) ; 

Off = FP_OFF (Palette) ; 

reg . r_ax = 0x1012; 
reg . r_bx = 0 ; 
reg.r_cx = 256; 
reg.r_es =Seg ; 
reg.r_dx =Off ; 
intr (0x10, &reg) ; 


void setvgapalette256 (char PalBuf[768]) 

{ 

struct REGPACK reg; 
reg . r_ax = 0x1012; 
reg . r_bx = 0 ; 
reg.r_cx = 256; 
reg.r_es = FP_SEG (PalBuf ) ; 
reg.r_dx = FP_OFF (PalBuf ) ; 
intr (0x10, &reg) ; 


void setgrayO 

{ 


struct REGPACK reg; 
char PalBuf[768]; 
float i,d,t; 
int r,g,b,rg,v = 7 67; 

r=63 ; 

g=63; 

b=63 ; 

i = 63.0; 

d = 63.0 / 256.0; 

for ( rg = 255; rg >= 1; rg--) 

{ 

PalBuf[v--] = b; 

PalBuf[v--] = g; 

PalBuf[v--] = r; 

t = 0.11 * b + 0.59 * g + 0.3 * r; 
while (t >= i - d) 

{ 

b— ; 

if (b == 0) 

{ 

b = 63; 
r — ; 

if (r == 0) 

{ 

g— ; 

b = 63; 
r = 63; 

} 

} 

t = 0.11 * b + 0.59 * g+ 0.3 * r; 

} 

i = i - d ; 

} 

PalBuf [ 0 ] = 0 ; PalBuf [ 1 ] = 0;PalBuf[2] = 0; 

setvgapalette256 (PalBuf) ; 

sound (500 ) ; 

delay (20 ) ; 

nosound ( ) ; 


void SePal ( ) 

{ 

struct REGPACK reg; 

setgray ( ) ; 
reg . r_ax = 0x1 01b; 
reg . r_bx = 0 ; 
reg.r_cx = 256; 
intr(0xl0, &reg) ; 


void newpal ( ) 

{ 



unsigned int L[256]; 
unsigned int S[256]; 

unsigned int Of f , i, k, j , 1, z; 
unsigned int CurPos,w,wl; 
float rl , bl , gl , dd, ul , u2 , u3 ; 

double xl , x2 , root 2 , x3 , root 3 , arcs , arcc, rootO , min3 ; 
FILE ^stream, *streaml , *stream2 ; 

root2=sqrt (2.0) ; 

double rootl=sqrt (3 . 0/2 . 0 ) ; 

root0=sqrt (6.0) ; 


struct REGPACK reg; 

stream = f open ( "DUMMY . FI L", "w+"); 


for(k = 0;k < 256; k++) 

{ 


R[k]= Palette[k*3] ; 

G[k]= Palette [ k*3+l ] ; 

B[k]= Palette [ k*3+2 ] ; 

//fprintf (stream2 , "%d %d %d %d 'Ok, R[k], G[k],B[k]) 

//if (R[k] ! =B [ k] &&G [ k] !=R[k] &&B[k] !=G[k] ) 

//{ 

//x3=0.177*R[k]+0.587*G[k]+0.114*B[k] ; 
if (R[k] ! =0&&G [k] !=0&&B[k] !=0) 

{ 

x3=R [ k] +G [ k] +B [ k] ; 

L [k] = (int) x3; 


rl= (float) R [ k] /x3 ; 
bl= (float) B [ k] /x3 ; 
gl= (float) G [ k] /x3 ; 
if (rl<=gl ) 

{ 

if(rl<=bl) min3=rl; 

else min3=bl; 

} 

else 

{ 

if(rl<=bl) min3=gl; 

else min3=bl; 

} 

xl=l-3*min3 ; 

S [k] = (int) xl ; 


z = 4 ; 



if ( (B[k]>G[k]&&B[k]>R[k] ) | | (R [ k] ==B [ k] &&G [ k] <B [ k] &&G [ k] <R [ k] ) | | (R[k]==B 
[ k ] &&G[k]>B[k] &&G[k]>R[k] ) ) 

{ 

dd=2*bl-rl-gl ; 
z = 0 ; 

} 

if ( (R[k]>G[k]&&R[k]>B[k] ) | | (R [ k] ==G [ k] &&B [ k] <R [ k] &&B [ k] <G [ k] ) | | (R[k]==B 
[k] & &G [ k] >B [ k] & &G [ k] >R [ k] ) ) 

{ 

dd=2*rl-gl-bl; 
z=l ; 

} 

if ( (G[k]>R[k]&&G[k]>B[k] ) | | (B [ k] ==G [ k] &&R [ k] <B [ k] &&R [ k] <G [ k] ) | | (R[k]==G 

[ k] &&B [ k] >R [ k] &&B [ k] >G [ k] ) ) 

{ 

dd=2*gl-rl-bl ; 
z=2 ; 

} 

// 

//if (arcc > 1.0) arcc=1.0; 

//if (arcc < -1.0) arcc=-1.0; 

//dd=2*rl-gl-bl ; 

u3=( (rl-0. 33333) * (rl-0 . 33333 )+ (gl-0 . 33333 ) * (gl-0 . 33333 )+ (bl- 
0.33333) * (bl-0. 33333) ) ; 

if (u3<0 ) u3*= (-1 ) ; 
u3=sqrt (u3 ) ; 
arcc=dd/ (root0^u3) ; 

if (arcc<=l&&arcc>=-l ) 

{ 

x2 = acos (arcc) ; 

} 

//w= (int ) ( (x2^180) /3. 141593) ; 

/ / T [ k ] =w ; 

} 


if(z==0) w=(int) (240+ (x2^180) /3 . 141593) ; 
if(z==l) w=(int) ( (x2^180) /3 . 141593) ; 
if(z==2) w=(int) (120+ (x2*180) /3 .141593); 


if (w > 360) 
w — = (floor (w/3 60) ^360) ; 
T [ k ] =w ; 

//else 

/ / w 1 = 1 ; 

} 

/* else 

{ 



if (R [ k] ==B [ k] &&G [ k] ==R [ k] &&B[k]==G[k] ) 

{ 

if (R [ k] >= 128 && G [ k] >= 128 && B[k]>=128) 
wl=l ; 
else 
wl=l ; 

} 

else 

{ 


if (R [k] ==0&&B [k] ==0&&G [k] !=0) w=120; 
if (R [k] ==0&&B [k] ! = 0&&G [k] ==0) w=240; 
if (R[k] ! =0&&B [k] ==0&&G [k] ==0) w=0; 


if (B[k] ! =G [ k] &&R [ k] ! =G [ k] &&B [ k] ==R [ k] &&B [ k] !=0) w=300; 

if (R[k] ! =B [ k] &&G [ k] ! =B [ k] &&R [ k] ==G [ k] &&R [ k] !=0) w=60; 

if (G [k] ! =R [ k] &&B [ k] ! =R [ k] &&G [ k] ==B [ k] &&G [ k] !=0) w=180; 


} 

//} 


fprintf (stream, "%d %d ",k,w); 

} 

else wl=l; 


if (w <= 13 && w >= 316) 

{ 

RR[k]= 255; 

GG[k]= 0; 

BB[k]= 0; 

} 

if (w <= 40 && w > 13) 

{ 

RR[k]= 255; 

GG[k]= 128; 

BB[k]= 0; 

} 

if (w < 107 && w > 40) 

{ 

RR[k]= 255; 

GG[k]= 255; 

BB[k]= 0; 

} 

if (w <=180 && w >=107) 

{ 

RR [ k ] = 0; 

GG [ k] = 255; 

BB [ k] = 0; 

} 



if (w < 240 && w >180) 

{ 

RR[k]= 0; 

GG[k]= 255; 

BB [ k] = 255 ; 

} 

if (w <=282 && w >=240) 

{ 

RR[k]= 0; 

GG [ k ] =# 0 ; 

BB [ k] = 255; 

} 

if (w< 316 && w > 282) 

{ 

RR [ k ] = 255; 

GG [ k ] — 0 ; 

BB [ k] = 255 ; 

} 

if (wl==l) 

{ 

RR [ k ] = 255; 

GG [ k] = 255; 

BB [ k] = 255; 

} 

if (wl==0 ) 

{ 

RR [ k ] = 0; 

GG [ k] = 0; 

BB [ k] = 0; 

} 

//fprintf (stream, ”%d %d %d %d " , k, RR [k] , GG [k] , BB [k] ) 


for (i=0 ; i<256; i++) 

{ 

Palette [ i*3+0 ] =RR [ i ] ; 
Palette [ i*3 + l ] =GG [ i ] ; 
Palette [ i*3+2 ] =BB [ i ] ; 
} 

Seg = FP_SEG (Palette) ; 
Off = FP_OFF (Palette) ; 

reg . r_ax = 0x1012; 
reg . r_bx = 0 ; 
reg.r_cx = 256; 
reg.r_es =Seg ; 
reg.r_dx =Off ; 
intr (0x10, &reg) ; 
fclose (stream) ; 

*/ 

} 
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^glc. jaiUll tXo l >4 o^jJa VI 4_ki3 calkc. j Yo Xo CjL 1 i*JI (Jjj 4iLauJI cJHaII cJ^f^ <4^ celiac. I 
cl il V4j 17 ^)jl^a4jl — # 4Jatx^]lj 3^ 3 ^ A_iic. 3a A(u, V)P(u, V) s \ u>i j — ^t*JI c-Julall 

.Gaussian 


Gaussian . ^Vl <3 j 51I j£j4 3 j^ 64 J 3* ^ <4^ 24LLNI 3) 

4 4 \jlinn x >\ l catviill .Gaussian c> (% 99.7) 3-/+ 03*4 Xo ^4*3 ^3 Sj5i3 o^ 3^» o - 3 o^ 
^ jii 3 ^ % 95 .djliixJl akl Sjja 04 % 50 3 j 3*4 o^o^lj ^4*3 ^3 Sj-^ 04 % 95 3*4 o3 3^ 
. j4 ^ gi 3^44 *33 3^ .% 25 4 33 3>^ c3! o- 3 % 50j % 90 *33 3*^ 4! 



# 4ii^AJ| CjIjj j£]I g LVai ljIjj jSU P(u,V=0) 4aj£)I uflUJal ; 1 7 ^ ijJt 


Sjj^Jl JjIVil 4ilj£Jl diLLc- Ik) 

ojj>3 4 -s \1 » x> AJ14I ^<4 4_3li3L — D^jj^a 3 jN‘i c V^\i oj 4 ^■■^* c ' L — ^ Ij* 11 akl Ailj£ 33^V M ac-lja]l M 3 ] 

^Lud^,V 1 3 ) cr ^*4 ^OO * -3 < 4 ^ , Qj l> ‘ , °^ 3 o^ 4 j\<q» j 3 '»\i tilla 3 ^^*^ 3 ] .4 q\*ikx> — 

iaA Sa ja^a c** ntn) 3^^ 4 j >, i)^ < a\) ^Lja 3^*^ CT^ h\V\ A^-ja-\a ^J) 3 6^)jj^]I 

.4il^J) 3 4 s J 4lial<j) pjjULaJ ^IiA ^ a^.) 3 Laajc. AiUkl) djlliC. ak.V jblk^U 4JU3) ^uUil) ^gl) 

a *U\ A \\ qjluI L2 CjLLf' Ik) 

1^3^ *>. ^ fc*i^N 3^0iUJ 3) Alialal) 3 .^^^' SjJaJLo J Xo = Yo ^ \)* ^ O^OS^ 

;3^ 3 * Oil nar \l ak.) Ailj£j (3*-J^]) 4 qli ix>\) ^jjjULa ^ja (4Jal*_Al) 3^^) CY 6 4 la uu jl) 

2D: iim CV(S) = k 2 S~ Vl 3 L>. lira CV{S) = k^S' 2 

S-¥Mi “ * 3 —f f -£f 


litn CV(S) = k 

5 --^ 


^-(£H- 1 )/Z 


;D JJc. ^Ixji 


^IxjI D jA ^IxjVI ^ g-3 jA (JjjULa]| ^IjuVI ^jUj (J£i C1 j\ m \l 3^c- $ pi d 

^jj'N'slI JJbtlLc ^A 

Jjialj (JjaaAaaI CjUjC' id) 


i(lii^.V (J^ldjui) pLoJ^)3 <iudLj cJ/ ; ** LS^ (Jjiail pxodj] dlLi^P^l^dj Adtj djldc. id) 

. 1 8 ^P ^-*^p^l ^3 ^ )iajjx-a ^A Lo£ ;(J^Ja Si^j (_)£i dll lix ]| id) <3tjdj p L^fg (J^LlI) ^jjjLd^j (7 V 



piilLdll CjL^jj! jdU JjIaJI p-Uit) cv :18 fA-jli 


djUaJ^^ll j dll lWix>(JI i"vWj 4 JjLo^ 0jld p£J 4 x> ^H jolaII Ja ijJadJl pLbai jxun ^■ud 18 e^j <~P' ls* 

4j!>Ij p*a 4 As^ jxt'sxi LS^ 0 ^ J 4i^jl (J./b'l (J-ajbjuij (J ^2all A m x>\l £Jj^all pi A q\» x>\l 

Ol^c-I 

L = a* jV, + /y * .V, + f * N c 


A ilx. x>\) ^Jj^all pi U jpll iiC- 4 A/ C J jjJl ^UjudLudll iiC- /\/ 0 66^)3 ^11 iLuUl iic« Nq pi c>% 

.7 cJj'^^l SUax-g 


Coefficients 

a 

P 

y 

Formula 




Pixel count 

1 

1 

0 

Freeman 

1 

v2 

0 

Kulpa 

0.9481 

0.9481 * v2 

0 

Corner count 

0.980 

1.406 

-0.091 


(A/ e , A/o, A/c) J^J S, \ru^ l Jjlqjl jjJSj Jjiua :7 JjAaJI 

dLLxii idi ( ji^> diyrru.i 

id) 4_J^)Jdj 6<j£jjai!^£il 6 jjUll 4-ipJdiil ^gic. .VlUti^JI 4itj$jl dj iliiC. id) jldp <jl d 1>J3 6 jjj^all 4 -s\U x>j -dp U£ lij 
ijg ULJI <3i ^gic. SdlaL^JI 4it!i4)l djldc. id) jldp pi ^ i>3*> djjj^all JjWn -dp paJ lil .4 33^^') djld^JI 

.(djhijiJI) dAlixJ! id) j'AK p a ^gJc-Vl pi i>3 ^ .(CV) (jspkj) <j jlLyi 


f Lua i^ualt 


s-Lja jjJalU ^pl ks-ia Ja A£* ^a~\a (Jj 9 (j-a CjjIj jS AjjJI^JI dll unti'SxAl (j!A_i. 

£A (J^aLCll LjL ^Ajaa]| Ic^J ^j^Jlklui ^pj /d^)J^1! c_ ta.jCo jl (3^4)1 (JlLo A ixn^ll CCl^Jj julAI (JjULg Cjli^UkVI ^i] 
-A W /till aLVI (JLjjCLujI n>i ^pj ^ )^al -^. (J^juoJ AdL^p^ CjL^paJ (JI^xILujL A K Aixill ^)j)x^>\i 

CjUjjj^JI ^juL L» ^aulS ^1 ClAi jjI&lVl CIjL Jl jill £jul L '" \l^ jjjj^ajll CjVI - (CCD) Ajj* 1^}I Apjc^pll 

^Ac. A I a^pl kS^Aj ^LjajjJall (J^p. \ g /^I^Tjjuj J^l ^lill L " ^ ^ ^1 L_lic-I cILfc ^j-<a ^C-^)ll LS^ .JJ 1 ^' 

.(_£^pVI ^)j j X ^ ill £.|^juJ -1^. 

^gJI A qnA ja\l Aj^)j^aJ - CIjIjCVL $.Lja^jJa]| CjLpjoba ^j£-oa 1I (j>a Cl A* ^ AjjCq^jl A ll^jl 

(_p LoCic- (Jl aII^. (J^juIj ILb j (JI^}j (jl (j£joJ V ^LjajjJa ^).L^a-<a Ap&VL 6^)J*lp ^ptJI CljLpjaiA]! 

.l^lAl jl (j£kA-a (_£^pjM ^.IjJa^jJall ^pl k<~xa 





^ >» ^ 

*1^.1 jjjl (jjJj^jl ^)jC ( *. l3> ^ ^ J Ju ^ a ^ A_p£Al Ax-ilLlI jU j^>i\l ^Ac. *^'^ j aui U Aa^.jL ^All ^ jgMjAill S^LudVI 

(CCD) jty^z <^VI .Jjp E = hy = hc/A = 3.97 x 10 19 AalL 6 A = 500 nm ^ji^l 

jjjj^JI aAI AjjajUjd^.) # AjCj4)I CjL jjj^jl L_jLud^. ^gic. AjU£AI Aj9 Iaj AjuiILa (CjI jpl£Al) AlLpaJl 

^-llajjaij V clP^ .UJ^ ^lUj] (j-a LajLajI A f)\ Ax-lllall ^jc- ^.Lja jjCall A K 1 xti n # ( ^juo 3 Tun 

CjU jj jill (jjafij t 7" J j^i(l 1 (JjMVuna\l JjjJIILJI aJsl^.^Ia]| 

(jx>),>> CjU J j jill yA iajaJ jlL Q (jc. ^a!A£il ^3 U^J Aj p-Lj jj4]l (jjlll j£j ^ (jjJ Jfijl £-111 1 y UtAjlu 

Ajuj^alU C t Uti^j X (J AJa^^L^jl ^ CjU j15j 4]^ (j^ p (jLCi^Vl <j] # (_^Jax4jl A 

•aJU3! 


P(P\P,T) = 


P ] 


jCj^axi cilliA fl jl J ^9 L_l*_^all .A^llll! ^C. CjU Jl jiSJj Laita^ Ajjaiill jl AiU£3l (J-olc- j& p dip. 

ClJl j Li X ^ J UJ^ ^ 1 AlaJJj^J! AjjI v^i^kVI dj\ J frill 6 jJjj^iill Aluilui ^ ^p.1 ^.LCa Jjja 

c > lUtij i SNR Aaj^LAI Ai-L^all (JasCLul! ^pj LI .(SNR) j^-^JI 5-ljJa jjCall ^Jl o^Luiyi Ajjaii ^Jl 

;(Jj 9 ^ L> x> ^^Lp_a 1I L_fl|^pJVIj aJojuj jIaII Axuall ^jL 4 qjq^Al 


average = f>T 

a = .jpT 

- Poisson 


:SNR-!M 


SNR = lOlognjfjcJ’) dB. jjj j9 eLij 


e \ ■ dj ■ <a] V c \ ■ j I jjjj A j 1 iVqMI . " '1 i . 

$ o I 4 VqS i . a i ** 1 1 n jj jB -vl . >\ j . >i • 

* j ‘Gaussian uj^ji • 

(. *ol I /\ cJ^LjUiIaI (j qj /» 1 l '^\ ^ i £ 

lij a^i J (jSJai JjJ j^j! CjLijI L— lJjaiJ e-Lja jjJal! CjUSflj 6 \ jjtakJJ PT dlia> Ajtd/11! CIj! jldVU 

dj!^Lal^l! A n nl m\ ^auuaS ^3 £juj^j! om !a& .A jl j^l! A_l3 dj ^Jlc. ^1 _Ujj 1 Aj ^ l! 


Ajj!jaJ! pijJa ijdd! 


Sid ^j>4 J ^j£J<4j clAj j^)li£3V ! <aUa^ CCD d djUj^)j£i'a ^iLja VI ^i^d! 

*yy I ji* d UJ^J 6 CCD C5^ l£ ji jl j^V! JVU. 4 - ui . qj CCD d! ^Lddi! 1 "'7“) 

iiC« ia jdx> a^ dj J CCD ^-3 ^J^jUi^)]!^ A_1J J^^lV! ^Jaall iJ^lL jjt/ill qj^)j£3! 

iic. <jl£ cJjjj X cW^H dlfl J IdlJ .^Ihdl jldl! ji ^W! jLill! S-lda jda /. vd* C5^ "dj!jdi dlj jjjSlVl 

d!i jA <jjaii3l J,lo <jl i* ijc\ i A_idc. ^A Ajj!^d! CjU jjj£ 3V1 ai^l u) .idaj! A_Jj!^d! dlj jJ&M! 

(Jja Vi (jdJajj aiA j ^Usdl! ^Ldi ^dkl (jC- ^ CljLuaj til liA A_^.^a ^-f*->tillj ^AidJa 

A/D JiuVlti a^ CCD A_laaj ^aJ3 j^yn A x>jq\l oiA C jlL tilli AsUj ^JaatJxll dj l3 ^1 Silc- Jsjuj jIaII 

^llaAll ^LaJl (_£^)Lix_a]! V c^UaJall ^LaJl liA 1 nj # ^11 (j^) 

S^Luo^a Idajl a^^l (_^Aa 1I j 


Ad ijjjSJVI Aili jll f Ida jda 

(FET) ^jdjj^j^ai aiaJl 3^^ a^d. AJldl t^jjjl^jjddl ^<4 S^ldVl 6^l^)3 A j\x>c. ^3 1 uiVi s-Lja jj^iall oiA 

:U! jail ^Ua^jal AdUj^l! duiall Aili^l fid! jLil ! a) .CCD -Si iSlSj ^ 


«.(»)' 


£U 


a; 


-? 


to < ffl ■ 

1.11:1 


to <(i>< to 

:i" 1 : :i:l\ 


to > (O., 


p>® 

a >0 


6* IjSl! ^.Lja 


i^j^a 


d^IjS L_Ld ^ ^^jl^)! ^WJ! J] CCD l>a <ljdai SjldVl ^ iijiil! to j du! y P j a 

CjUj jjj£ 1 !j AdVd d ^.1 j 3 Unlj a 1 jjd" lIjUjILoiaII aj^^ ll)i S^ijil! ^.Lja jjJa . ( m j n CD < CO 1 *^* A jJalkla 

.fid! SNR ^ fU *^!jil! ^.Lja jjuia c au Aj! t !i^. AjJai^. ia]| o jjlJI iJjLij1>.»la]I ^ ^ 


KTC fU 2 aj* 2 a 

RMS A X4jq\l .A^alj JJC. ^jjSj Jl (j£>4Jj KTC ilda Jjda ^ Axa J FET ^djt^jjt C daJJj ^l! ^Lja jjdal! 

;Adlil! AJuj^alU l t A_i2alj4j! ^Ida jdal! S^ulil! 


_ [iT 

& y-rrj ™ ■» I 

V C - (UJ iji) KTC 

b^A ] CCD <SLS jjJ <slkfijl o jl j%JI Tj ‘ Boltzmann <— ylj k ‘ FET C 3 ‘-y^- 

aac. Ijpk (> CaJ KTC RMS gSUll C«ja t £? = ^ * •' = ^ - * e cjt&Ull . K J* 

; (_1^ 4_lla*Ja ( '^ j" ) CjU jJ jill 

_ 4 Wc_ 

s' - (£j4 yjSSII) KTC ^ >^= 


Ca^l e iA N r - ~ 252 elections la* k 233 = T j C = 0.5 pF -1 Cjj^Vi ^-eo' . 

^a-LQj^allll .(Jd^llll Cll3j (JalLoui 1CA j d^Lall dl^J^l ^.Llll Cl llVi A Jaai (J£J M Jldj Cll3^3 M ^.Lja^jJa 

^jUlill Loll (Jd^Jj Ja^J^dl L fl.c.1 dll m \\ Cd! jj-«a t(Jld]l (JdJjm ^Ac. ;Sdli ^»dj (_£i]l j^all ^jj^)li£Nl 

.(Jd^ilj Lll^aj KTC £-lda^jJa (Jj^}j (jl j)£dj 


^.4 i>> f ij^ 

<iidiJl djUjjjj£3Vl /ojLjy 1 (j^ JaiLouij i Gaussian -3 ^ il C xq ^Ida jdall <j-a ^ jill Ic^J ^juiLall j-dll jj 
^Jjj^all djVi ^A aCA j)>4 tc« jjd ^ii£Vl ^UjlLoaVl .dj-aC- ^dda^jl s-lda jda 4 C-12k <j£dj j)-<i <dd-a^jl j 

(_£CjJ lo-a ^)a^.V 1 (j^^l oUS jl ^)da^.Vl (j^^l oUS (j-d (jj_j_jVl (j_^l oUS C^ll (J^dj ^lil ^jl C % n*\ gjjl^jl 

.S-Ui^^ll Sldll ^j£l C-lda jda ^Jl 


C-tdajda 

j)>4 JjjVlll U.h‘l j 4_J^dlll Ajljuj 4_idc. 4 l«^ld ^ 6 ^)ldjU ^aS^JI JAClll ^gJl (JlidVl dc.^ 5 -lda jda 

|_ djUjlluuJl CCC- jjjfd Lddc. 6 ^)ldVl 4 lilLoLA J QLfll K^A ^.Ida jdalj j)] .ADC 6 C 5^^1 ( 3 ^] ^J^^l 

lid 4dUj^£ A IgJ 6 CA j ^Uj^ll J£d3l J) dJji. ^1 .S >= 4 bitS l^A . >= 1 6 

1 CA 0 ADC 1\1 .SNR d.W**l\ 4_djl<i]| A ^A Idlm Si )n» a\\ <JcIx_a]| ^ jj^a2 j 

; j)U (_5jj^aall Adlj^)^£il 4 x>jq\l (J^ll 2^~1 Id^ll 4_ijlj^)^£il 4 x>j’4\) i 

SNR 6B +11 dB- ^ j+^1 ^Idajda 

(^^1 SNR l^dij die; J (jf^4 ^ j+^l ^1-dajda .SNR >= 59 dB cA*t3 1^ 6 B >= 8 bits 4 

. (jjli ^Ida jda jm*i oCA CCD ^Hj J ^ a -^l dlVl ^ .J* J^aVl SNR (J^ (j-? J^UnJ ^Uaill (J-d<l4i] 


CjVI 

<C.^)LUJ jdjli 4 _ia 3^)1I jjj^ll 4 -S tt » x> C* lUjjlvil (JjTkxCill D^_^lj ^djI^Ldl^il^ JJj.^Ml dlVl (j) 

6 CCD 1 dN Vi (Jld 6^)Jjj^all]l 4_ll j)xi ^,1 j ^gjoad^) ^ ^lc« (Jl^-d (Jl 1 ^A gj Ic^, (Jj^la Cldc- V .^dalA 
CMOS j^^5]l diVl j (CID) <^dJl sbi < jJ^Sjl diVi Jd ^ >V1 dNU ^ cj! j^SM JUa V j 

^jdiill j m 4_l<JIc. m jCoj CCD ^Jl jjj-dil (J-iixidi ^^31 diUdiill Jca ^j31 .cJl l^^ldJ jjl 

.^■IdajVl AjJddl CCD <+& (jl+^ J6 l5 l£^1 


Jliaj) ^ClAi jJji - ^Ic. Jliaj) 4 -lat-lllall ^all S^)Luil Ajj^Jt-ll ^j! IajaC. 

Jltij j ^ * U^JJ J ^ a li) 4 jI Cliiskj ( ^^Lla]) ^a Ia£) ^giiu Uauij .4 ^jjSj ^A_iLal j3 - 

;^jli 6 jJjj^i)! 4_iLxk <jL^JjujI j \y 2j W 1 6 (jUial ^jl.Vqar a 

C = R[Wj« + Wjfe] = WjRftf] + WjR{*} 

^Jasu C j ft ^11 A^lxJl cVjuj^IaaII ^ QJj <il ^uU C J ^)jj ^alll <il ^LVLujI R{*} (j^ ‘■** \^ 

; Jj 3 2 ? IjjjS 

C = gain * lY ^ + Oj^Sef 

^ jjuJ . offsot = 0 J 7 = 1 (jl <■ (jaj ^ 5 ^ 3 ^- J j>^n ^Uail . J j> ** iq ] 1 4 JU> *j- u L_a Lc 7 

.<atj£j| ^ JJJJ ^jl A_iill CajI£ lil jj^jau 2> 4 ^>J L>^ J ^jLoijV L-Jc-VI offsot ‘ 

^JudS ^ (jIuBUJjuj CjUjsu 

(jU^Vl L - aIc .1 ^a ojJiill Igi <iuaJI jjjj^ajll CjVI .8 ^a c-ajL^aj ia <^11 vJIja 3 I ^jaI) 

y 4 a\ 1 ^jall (Jjj 


A \a\^ a\I Si \ jill 

V 

^jajui!! 

^JJdLxjd^ll 

aJ^ 

1.0 


CCD Ailij 

4_i]tc, AJjIIa ^aUaa ^JaxJ JajijJaA ^^jaUjJ ^5>1a 

0.6 

Sb 2 S 3 

Vidicon Tube 

4_illc, AJjIIa ^aUaa ^JaxJ JajijJaA ^^jaUjJ ^■Aa 

< 1.0 

Silver halide 

AA 

AjJaiVlA AJjIIa ^aUaa ^JaxJ ja ^£jaUjJ ^■Aa 

> 1.0 

Silver halide 

AA 


A i\*L a\\ CjLu^a^JI AjjULa 1 8 


; JJj^*1 A_ll AJjujI L_fljLaj^ 

.<al]aj2 AjjujI C$t$ 2^ 2^ # L_fljua£Al jj ^ ail ^j^Vl 3*ixJ! 2^ 2^^ 2 p^ jl • 

ttilla ^ ^ jILoia 2p c (jl C-P^ j ilMI • 

^ju/ill AjjudLud^JI Cj^tS u^ .(ADU) A-LaSjll ^11 ^Jl ^JjUull J/i^Ml ^ja ^)jj»M 


A atU kt\ 4 *il a *i%l) 

100 tQ ^ ^.Lja J^ali i\i . ^Ij^a jjJalU A11 x1a]I _jj_jj^alill AJl ^j-ajLk-aaJ aIUsaII AjjudLud^Jl Jj.^cC \\ 

C aLUII fijLudVl 6 Cj3 lS 2)4 4 j£j u4^4 SjUjoVI L_flLoij£j ^jLajJal j Ajli 

6^jLud]| ^juoall ^a a_^pa 1! pLja j^-iall ^U^oa (J£ IjI 300 2)j^ fct1 ^a q\)a^jl A-laI ^i^JI jl^ 

10 lP (3^ A q\)a^JI AjjujI tn^ji 2)4 tA^alj lIjUjIlaa] (J j Vi \ 2^ 6 UJ^ c-LJajjJa g.1 fVutiU 

Ajj^aJl AjVqllb '^\1 2jj^' Ji ijfl 

4jj<rtilt 4j^il 2i%i) 

;A >jVill Jl ljj3 ^jaj 6 7=1 ^4 i AjlxaJl aJL^JI ^1 ^ jlj Ia^jc. (jj3 [^aCA tAjuu^l AuA lu^ll 


I^A AJd.jli] .^cjUll ^jq’u ,sA\ Ja^JI ^ \~\\a j.'W'i^ (j.La^4J <j! ^j£j<aJ 


^ jjdxa ^jjkj^la ^3 (_£3 jJ ^jl 1 4_jjujLat^JI ^jjjLiLoi 
JJ^at^ll ^-Ijjuxu ^)>ajj C£a1 3. 4 ^ Aftll SjUV! tlil • 


jli n ^31 Ail*&ll 


C-SjJX-G 33C- jA (J^tixjjoLj J I'NJ ^JUdL^jl J-lx^a^jl i (JL^> Aj| ^Ic. ^A-j jilaal 1 dll*l^.j]| 

^Jj AjJafLlI jjjulj J $jdj (jl L-Jt^j (Tl) A_d£ll 6£.li£llj jjji^oMi Xli ^jj^ljjd^ ^3 dU jj jill ^pa 

=> w => 0 Laj^C. -(J lax a (Jj^ 3 (^ (jjJji J*1 — (J.1*-4I ^gi — 0“O UJJ^' i 5 J^ 1 (j-° 

1 

q jfl jll A aJjJlj A-iisj t ^3-u 1 (J^juj A_jli ^ ^jjjjsll £, IjJajjJa jA JaS3 jjjx^ajll 3 Jl^JJI jjjUII 4 lit 
4 4 udl \ c _ Lud^j Q ojj. J^a gjjjUi^ll 4 nJ t (JjJxlll ^uaJ jxlill 3xJ j tdV^lxAll (JLgxJjui] > A_LujLuo^JI 

;A_i3U3I 

r - jjp) _*», 

Vor{c\ s] 


.CjV 4*4I t-ijii ScJ m c <Ap- 

.9 (4j <Jjd9 CCD jJj^aJ' oVVV (1995) 4 jj^ 2L.jj.i4! CjLILI 


Cmn 

Lib* 

fiiclj 

lixcl size 

Li* J *1 IV Li* J *1 1 
HiTlAHvl 

T<m,. 

K 

S 

* ~ tffiU 

Bits 

C-l 

1320 x 1035 

6.8 x 3.3 

231 

7.9 

12 

C-2 

573 x335 

22.0 x22.0 

227 

9.7 

13 

C-3 

1320 x 1035 

6.8 x 6.8 

293 

48.1 

10 

C-4 

573 x 334 

23.0 x23.0 

233 

90.9 

12 

C-5 

753 x531 

11.0x5.5 

300 

109.2 

3 


. S 4-«J2 (J^t l$i ^.ti.nU.iA jjSVI jjj^aj 4J| jl Jaa^jj 'Ajj, «il 1 "\)l (jjujlia ; 9 JjAaJl 

jjjjk^jjl A_H A_iAJI - A_^.j£jl .d lULnll d 3A (j-<a A_^jJal j A ? n3^jl CCD J4 ji> d )VV A j‘il "nunVI AjjujI ^jl 

^^3 jll Jjldll ^3 ^3Ua jji uU jdl jUjlaL* J^J 16 U^J^) Ujj^'j^j^ 8 JaflS 6 (C"1) CCD 
(uj^j^ 512 Wj^) ujj^'j^j^ 256 ^(C-5 ) ^ JSl ^ J) .Sj^Jl 

# (_^3Ua ^gjl CjL^,^)3j ^j-<a ^UjlLaua ^ x nVi 


SNR 


;(Jj 3 ^<a 33^j ^.Lja jdall tA ? nWll ^jJjj^allll dlVVi A xalnM ^3 i^jLudll ^juokll ^3 L_daj Ua£ 


jjjj^JI CjVI aJL^. ^3 


p-Lja 




X (J^a^dll dl3 jj K A^^Sjli Sjlj^ A_^,j3j 33fikJ t^Iill AjjI j^. ^Lja jda 
X JJ P UJ^ J^^ ^>^4 ^1 ^jjJ ijfiJI p-Lja jjJa 


jLj) f Lua ij-ualj 


230 ^Uj) j Peltier jj^aUc. ^^Sc. s.Vinn^Jl gijiill eLiLuifi 

(jl iAj^)l^p2l ^LjajjJall (JjjULu^ > <jJai^La Aj^jl^a. ^jj^)j£il ^*tlj| l. lluj ^Jl 1*1A . K 250 

4 ADU 6 jJauai (_£jJjouj g* JU&5U A_ljl^pJl CjU (JA ^t$jl <-£ C5^! 

jLiill 4 _i*juu 1 L_Djud3l — A_iJ jjJall ClAijjJ^Wl L_jUc. — J^-Vl JajjaJl I^A ,A_iJ jjJall CjUjjj£JV 1 l_jUc. ^k 
' tO ^3 A^ajJa^a D^ic-I ^).l j 1 CjVV AjojjjAaII CjUUII 


Ci«n 

L2bit 

T«»,. 

Dirk C irnit 

5«otcJj/ADy 

C-l 

231 

526.3 

C-2 

227 

0.2 

C-3 

293 

3.3 

C-4 

233 

2.4 

C-5 

300 

23.3 


4 jj| *L ua j-uaJl (j<Vih*r\ :10 Jj^iaJI 

C t illvfi a^A 4 Ai^)*Jl A_^p (Jjxju^j]! # Aita^)ll ^Ic- ^lla^ ^)Ijj IgJ (^0“5 ) ^)Jjj^aj ^ 

L_Luaj J jJ.lli3l jUa] C 5 ^ C5^ .Ajjl s-Lja jjJq]I (. JU*n ^.1 j ADU A_ijlj 20 Of j5£l 

# A^atj Aj^I^^JI s-Lja jjJall 4(3 (J ^>lajl) ^ 30 25 (j^ 

gj^j4]i f Lia^Ja 

jjjj^jJI djVl ^ Jatyi # Jj£l CjU J j j3 jjuiU liA J Djjj^aJ) J-at£j (JL& ij a3U jj SNR fi3U j ^ c ,<a J^ tijij 

jjjj^jJI A_IV ^ v^Vl SNR o' cs"^ 6 C o^A /aJ S-lf^ fiJ-^3 4 JU> AjI CCD 

; Jj 3 <j-G aUa*Ji AJakj J£3 CCD 
SNR = 10log lo (C) dB - S^p3 fiJ j,w3l OJ^ ^Lja jjuia 

.11 (J A *s jJa J^a D^Ac-IOxfl ^Jjj^alill diVV A-Jjjoi^^]| djULlill 


C amen 

LzW 

C 

TLcor. SHI 

J£ 

H«». SHI 

JB 

lixcl size 

uuj v UM 

pi/iApi/i 

Tell left! 

Si— /jrtH 1 

C-l 

32,000 

45 

45 

6.8 x 6.8 

602 

C-2 

340,000 

55 

55 

22.0 x 22.0 

702 

C-3 

32,000 

45 

43 

6.8 x 6.8 

602 

C-4 

400,000 

56 

52 

23.0 x 23.0 

756 

C-5 

40,000 

46 

43 

11.0x5.5 

661 


gjj jQ\ f Luaj-ua o^ih^^\ : 11 Jj^aJI 


(jjJ (.A ^ c SNR c^jjjj^AaII SNR 3^^ 11 .JJJ 1 <— iVi (ji ax3 <j| Ja^^j 

4 jVq’il <^1^ i Ji^QS (3 U-*a3 u^4 Lg£ . ( *- j V3jl-<JI £-a ^joiLi ^(J^l£5]l ^—^j) T 3 ^-g SNR -51 cjUia^ia 

0.7 ke / urr? «^3 CCD ^ "< 5 ^" ‘CCD 


j^l 

6 <LIj = a (x ,y ) 4j*jj?a'j * 3^(31 ojjj^qJI li] ^jL ^ixj (jaJ l^gj 33^*^ jjjo^ajjl A ^Jajj (3^ ljUc. ^inj 

A^ju1a]| D^Ljal ClNL^ ^ (JlLd ^)jj x^alll AJl £jlk (jjfLi ^ (Jjllajll ^)-l^x<a .AlLlj j^£j (35 <Lo3^)ll A kuoull (jU 

3! ,L$ c^! 3? u^ ^ ( gain and offset ) Jp*s)i j i 4^ jjj^i 5 J <9^13 jt 

I^Ull 33^*3 ^ )a* xill 

c[m 3 w] = gfljfl[m ? f?] • £j[m ? f?] + n] 

= a [m ,n J‘ ^ ^1 ‘djj^II ^ £kl^>SJI jl ^1 li«a jll s . a [m ,n ] 

.^)k.l ^jui 3 (jjjaUlLuj (JJJa^JI CjIjjjIj 4-51 j] j! ^pxiiaal CjUj^i .Cj lAj 

4 «UlLui AJsAj (j£^uu 

(jjjUa) A kk\X\£ II aA^3uh x>\l (j-d 6 6 ^gILoia]I ojj^il A jl^*M j Jalaj j.lij 2 j5! 4 *s jJa j-all Jat^jl 1 .a nj 

4JL SJajj^)^]l A 3*' jJtll cJ 9^)XJ 19 ^joj^) 1I C5^ .fiUast^jl ^3aj / <1V (CjliLuiAll 

^uilJali <Jak3 jjjtill J (cs^J C5^ (»3aj j 



□ = photosensitive region 
fjjjjj = nonsensitive reg on 

uujffi:-.. . 

Aiaa^jl • J 9 

Yctj X 3 . j*5^ u] .^-5 '-^-*-a]| (j>» cjUjjlSI ^ikl CjlaLoui u^ S^c-Iaa]! Yoj Xo 3^^ u) 

jj^iS ^ x> Jo’il (ji ^ajuoS ^j£2xi Ui£ /6^LLia3ll (jjjLataJI <11 ^Jajoa (j-d ^3^51 ilsui 

.Yo3 'ASjfi+*A <^i3 U^iiJ Xo 3 Ailla-xi ^j 3 (ji (j^-3 c.riq\Kx> 

AjujaI) A^uiLuJI ial&j 


j& .Xo / Yo = 1 J» Xo = Yo U» c 3 ! ^ loj^a Cj iUjc- ikl j ;34 ^ 

<*j^all oi* l 5 j'-?j) .Xo / Yo = 4/3 J Xo / Yo = 1.1 ‘-y^ J-W' 4JU. Ci t^lc. 

<iJ^ jIjujVI 3 xti^Vl (ji Jai qpjj 1 Jajj^^i jlakJI .(3 3 IaLuj # (_^^)L^jli (jjJ jallili Ajl. lx-a S^lkVi 

3 ^5^5^ 3 ^) ^1 ^i>Vi 3 jN *1 (jkl ^Jjj^a^i <li (jia^)C. <juiIju 3 <ijl jJjujI ^2aJ ^3 - ^)JC. Jallij l** 1 'StnA <^ 5 ^ 

.20 i 3 b .<ijl jlLuji ^) 4 C. ^JaxAjoi ^(jia^)*Ji <luij ^Ji 


Analog object 


Digitizing raster 


4 


4 


1:1 Sampling 



+ 


DijptaJ image 

4 



4:3 Sampling 




(IjliluuJlj lj jLui.) -ft (JLoaIuAj 4 4 lax <a ^»Uaj/ 

^JUi-<4 (j^AA tiili JlXJ 


Jjja <LiLuJl hull jjjLj : 19 

<!l <^V J c j£aj Xo / Yo 

llxjUa oL^jVI <3j^)*a]| 

Yoj Xo ^ ii* \i iki CjULouj j 


f J-aL^ 

tilli (j-a V^Jj Ss-Lda'^j (jjjLud^ (jjadl 4_ll ^Jajai (j-a CCD CjVI 

(J jAaJl (j£judJ £ CCD d 1. Wj 4j| d IJ'N ^ixjujVi J £Ja] jl CCD ^ lLljj^)j£JV dlLoxlLuJ j 

CCD D^[pa^]l (^ialleJl /cjjLa-ejl CCD (3^3^ AjJjjJall dlljjjj£3Vl (J^SjJ (H 

\ XI nj ‘La^tal! CjU J j jill (j>4 (jb 6 C5^*^ J «^A (Ja^Lo!} (jl (j^AJ A J^j d‘lll 

:cJ^ (j-a £(Ja 1I (J-dlc. (Jjju Ss-Lda'^j (jjjLud^jl ^Jajudll ^3^ (j) .CCD 4-^3^ (jjjLuLaJl ^C. 


fill factor = — * T ‘ xioo% 

Ci c 

.SNR u>^ cr^ ^ c '^- jaJ ^ .% 100 (^5 i^jl ^i] ^jujliai s- jjJall d n*\ ^)j£Vl £(Ja]| (J-gIc. 

# Jjj Lui ^ajoiS ^ Jjjti C > )U>i1 jj£l Jlda £(Ja 3I ^j)l 6<JL^. 4-J> 6 <J^La£ 

.15 ^ 


4-AtlaII 4 j ^ Ait 4*i^ It 

djU. ja 3I Jl >1 (3 J] £. I ^JUJ JL2k ^ic. 4-ujl Hi'S C** Utljl (. — fill J JJj^Ml dj^l cdjLu^jjjd^JI 

.21 ^3 CCD AjjujI fc fci^k \t ^jl # A_iJ jdall 



= JR nil = UV (J ^UaUlj (J^jLu^J! *2 1 ^<uij]| 

#> 4 ^VI 1*1 Vi 


(JjjLujI jl) CCD dj iIjJaI^ ^lll QCljl^lllaiiil 4^ Wl f. t j^«Vi i** djLajAll ^3 Villa! I 4 _JjojLol^JI 

^JaxJ (jl <- jtix.Vl 6 A_ia3^)]| I (Jdlajj A_aJta^a ^LoJajl ^3 jj t«Vl j V (JaVLaJ (jl (^)Vl (jj^jb 11 ' 

6jjjL*all M (. _ injJaJ M £JaJ I^£Aj .nill 750 l3^ <*— iI^-jaII (Jljlal ^jui^)a]| £JaJ .IR £-Ja (jllls) ^jui^)a (J l-Aa-luiV 
(jl (j^AJ CCD (J*>Lj! LS^" ~J-~J ) k dlV Vi 6 cill j (jx .(Jaajui]| jjj ^3 filj^’j^il (JjlaVI CjI^ja]! (Jljla! j)A 
.nm 1000 c^) nm 750 o? *1 d^2 cjI^^a ^aa l_jj3 cjU. jaII jUaa <jaJjjAa. L5 1^ l£j^ 


(JaI££J| dSj) t jjaKti g) j-usla Vc- j-uu 


Jx d) jlfllj ^3 jl j-jjnoMl dlVI (jla su JJC« 1*1 ^3 — CjU jJjill ^a Vi l* % ij«\ — Sjjjl^JI .laV AjJaj^Lfcjl SAaII (jl 

SAaII 6 1a 6^il^)C. jJ jill jjjuVi'l (JaI jju (Jaju (jl i. I'sj ^j]| l_jUjuj^U .(3 (J j.laJl ^jlajl) A^1 iVa]| jJ^liill ^n^-> (JjjLujI 
.Aaj^Va jj£I c j (jjggjJJ (JaI^jII di3 j (jl j)A ^C-^)11 j cajtx. 4 |jjaI£1I ^1 ^)ks-iA Ax.^)jai JiJlaj 


jjJjill jjj^sj CjVI 


<jA ^c. jib ^jlvi <J£jaj 6 j 3 jl^]l CCD jjjj^JI diVV 6 j 3 jl<i ns 500 a ^qVi^jl ^1 jj^a^JI Vc. jja ^ 
W s 30 *^jb fS .(PAL, SECAM) ms 40 . 0 j (NTSC) ms 33.37 JsVl ax>JI J 

(_5 jp'sj (_£lll jAllill JjJ^a U^ 1 ^)a1jaa (J j in. 1 A_iajJaj ^1& (jl (j^ dlVi (jiaxJJ ’ll 

(jl c. I^kj (_^ ^3 j ^gij (Jjj^jjl 6^_^l .fijlc- Ax. jlill jjj^all (J^* 1 -^ajai j £.11^. j a1a\ Vix> Sjjj^a A_^L^aA] SjUlVl 

.VlL^Jl oIa A -s \1 » x> (_glc. 6j^ls (jj£j 


A^laLlSI jjj^ualll CjVI 


Cjis. jl 6 JjL^JI (joa. j jii^b j> Peltier ^Jc. o^Vnu^JI cijUjiiLj 4 ^aI^a ns 500 ^ a jjaiviA ^13 

.VI jg joij 3 ^^ Vc.Luj (j^ fijUcjj JaI£ 5 JI 


Sf I jiS) VajJ 

AjjujIjIII jjjj^aj dlVV 6 ^ 1^)111 A-^-^ . 6 ^ 1^11 A_jjaij (jjisu (Jjj(ja^ V 5 t 3 j j)A pubjjji i jSj (jjii j) 

;(Jj 3 (jA A-Jaat a 6 ^ 1^)111 A-^-^ . Vll ^Jl VsLjaVtj J^a] (JaIjX AaIsu 







R = 



^pIjaII Ijjii^ Cpjj z jjjjmII 44_ijtj / Jalaj jj£j jl L. pj 4pj^ c_LL ajj 4 aj2)Ia]| j]| 1 a1ij 

;^_i*J I^A 4 4 juja 1 I Jata^Jj jj^lj^jl jjjj^^aJ CIjVV .SjpVI (JajCLaLuj <jaC SCLjIjjaI^II dll flj^al ja 


Format 

/mes / 5ec 

pixels / line 

/? (Mz.) 

NTSC 

15,750 

(4/3)*525 

-11.0 

PAL / SECAM 

15,625 

(4/3) *625 

-13.0 


jjj^al CjWI SfljS AajJ :12 


(jj3a 4-lajp^A 4ijXA C - ll lall 4 juja1I 4 A a V V ^Ja^jjJaAll .4_njjij ]_2 (JjCplI ^i£3l jl 

. jJ.li3 -LxL (3^ [£ jpJ (latallVI jUal) jJCj4}I 

Cj.lali (jjLud ^juiS (^CLflj^aj^ll 4_lljjj£lyi £LCajjJa]| jl jJ-liill jJjA^aJ CliVI <^i fejAXJjuj^aJl Sp-ljall 4pj^ 

S-LjajjJa . Jul JpA (J£ju1j Ajj\j^)^SJI £.LjajjCa]| dll^ljj L " ' p maxC01> CO <3^ (JA Cl li^-£aj 4 £l_CajjCa]| 4 Lila 

. jj^iiill cisVl 4 aIa jj£j (j! (j5Laj Se I jail 

Cl jVV 6plj£il A-iUjaII ^lall jCSJ .S^ljlll ^.LjajjJa jCaLaC ^^£1 UajVl S^ljlll 4pj^ (JajCiCLj A_ia 1*JI jJjA^ajll CliVl 

.20 kz, 500 kz, and 1 Mz to 8 Mz-Mlj <10 *9 JjM' gi4ij^>ll ^ jjj^i 


(jijxit CjLuiL ui 

ja JJlO Igl — Cjt-pLallj *4 ]ax1ujj^JI jCajxll 4 aIVi! L^a jt/rs — jjj^all 4 'vlt » ^JaxJjuja]! jJaj*ll CliUlUl 

.A-ijl^jll SjjA^all 4_1C. jj jjjijj ^glc« ^C-Loal ^dl j^ajL^aall 

Cjj- 1^211 4puJ 

llLlalil! 4 -JjoC 4^ xuljqll jj,liill .S.l^.1 jll 4_ijlillj 4 jaIja 3I jlajC.j jill 4_1 a 1£1I jjj^all JAst£ 4ij*_A CllLlalill 4_pC 

. 3 ^3 j <J gJ Sllax a 11 ^ 4ajIj 


4^jUaa]| 


Ia£ ^Uj^OC -1 (jl ^LujLuj 44 /ilMU / 60 CllaJ ^nW'ill C' lull ^a 4 ^p^)ll ]a ^ 1 a] 

^1 Clu^alill L_Luaj ^ 4jjjjjJa C* Ui,)j\ 4£jli4!l ^jl Clip. .2:1 4 jLpaII i.A)\ /lj .(3 jIjuj ^juo3 ^ L-Laj 

4^LuiLuoja (Jj^ja 4-Jj^\ jlua la 4^>i 4 aKj .4 A^i'iVl oCA (Jaaj (JajCLoia \ \ \ iA)\ ku \ 44ntMt/ ojjjua 60 C3^ 

1,2 5 3 5 4 5 ...,N.:^ 

(jl a jail 

4 ( ^L^aVI ^jaaII ^ dC j.^ a\I ^Uakll ^laljA Ja jjiljudA ^Jl ja jlU 4 L_J jjaL^J! 6j£lc gj j^.^11 Jal^jl jl 

L_pJ Jallill jlJ Ail - a a] I jli 4 jjj^all ^jlajC^j La^Ic- jj)o (_^>^a 1^1 (JaI 4-iCaUj lalaj£ lA jlisu jl 

4jl^J ^ jJaj^jl 4 _^-a 1 jl .(CRT) 4 -Haa]| L-llaall AjljujI L_J IajaC. J j.W a\1 4 9 121 4 >jV^ I1 a .^-aj jl 

c> .^11^31 ^ aaIxj uZa jxJI aJLI jjg jl j£c4 Gaussian CRT 


ta < 3 i£ ( . jla-jlLuj (J£i AjLsj 28.3 ) (J£i Ajisj 22 £)* *L< 2 aj| ^Ac. 2 Lujuaj 

fijLl^II i^gic-Vl <9J jU^j djb d jjgul <iuyi |j] . Ldajl 4r_t jU\i (J^ixJjujJ 

^JLIaII a!$ ui i jiLdlLuj (J£j Ajisj 30 


CA jAl 


(JlLo A-jjJaljj CjIjJ) ; ^ >- iaJJ > 4 _La 3 ^)ll A-sJlx-o <Jjou 11 j ^jujm J 

^q , i x jj ,(J i» dMI ^ 2 joiLoi 1 I 4 -ili*jujj <. iilx-ajlj (Jji^j i&\ 

.“LJUl! ^LuoaVl ^l 21 jaj ^al^)l . 2 )^*-* J>sl^. uj^ djjj^Vl 




• \^1 a Ic. jJjuj ^jj£V 1 . S^jU 6 ^)Luj] ^lljy (jUjVI (^L^Luo! J^] is^C, 41 ^ 4 ^ 6 ^C- dlliA 

c = a© b = a*b 

i <j]Ij]I ajalujII <_ajjl*j]L iC ~ 0/ ‘cJjVl (JSjuJI 3 <nM“i*ii ii (j^j 

;^dLaL^jl ^buVl ^jUj s-Uda^jl 

+:■:■ +:■:■ 

c(x,y)= a(x,y)©i>(x,y) = } j a(xfib(x- %y- fidjfig 

; Jj^aiiej! ^IxjVI ^Uj pLja^jl ^ 
+:■:■ +« 

c[m,rc] = ^m,ra] © £[m,rc] = ^ 2 J j j,rc- fc] 

j'=-oo ft=-oo 


f IjjlVt (j^aitu^k 

# <3 jjlVb ri)o n^all 4 x>g xAl 4jjJaL^)]| ^ajL^aiJl (j-a dlliA 

<3 jjlj * 

c= a© i» = b® a 

.(s^A ljJ,*l Jjl) * 

c= a© (£>© c) = (a© £>)© c= a© &© c 

*1$ * 

c= a® (&+ J) = (<7® i>) + (a® d) 

.(AjjIj) Alt ^flltt jl S ^o I Laba Lai L j « 1 ^all (J£ (Jj ? C 


(Fourier) jjjjjs 


jljj 4 Ju ‘ 4 -UuVI i_}y ClI <. ' ^ A JLfij ( 3 ^ _].3 

-.(Euler) 

e ■** = cos(qr) + j%m(q) 

*'. ®f *~< a * . . ; . 


# ^Uu3l c > n^k j l_j UJJ^ SjUV JAd jjjjj 3 c) (j^ 6L 

6 j ^ 4 _juj x>\l j 6 ^jujLia]| 4 _ajujL^JI (jl 

^aIuia (Jl^-<i ^Jj jl ^)XLlt.u.x> Ual^ (JL^aII ^ja L_jA jj d ^)dLlxi (J^ dj (J j^*1J 

Ldb 


A = F{a). 


>ubu 


^gij j (JL^i ^ja ^jjj (Jj^^j l_ja jj 


& — F" 

^ajujJ La/a \l (JjSj A_AaC.j ^J ^)3 Jj^i ^jl 

a = F 1 |F(^}j and A = FjF 1 ^}] 

.!)19jujI SliaxJa LAjIj LAa^ cJj^’lU A llx <<Ai £_u^all ^jl 

\^a 1 xaa 2D 


4(£4 «< 

j4(u ? v) = J ^a(x 3 y)e- J(m ^ , dxdy 

-o:<- «5 
_ +m+m 

a(x, y) = — — f I* A(ii, vye+^^+^'dudv 

An J _ J _ 


*ubu 


; Jj^aSia 2D<^^a ^ 


A®, '¥) = Y' £<r[m,n> 


-j(ttm+'#K) 


m = ~m a= "O' 


*ubu 


4?r J _{. 


jjjjjS Cj^L JAJ (JrfVll 

jjl liA # ^jjj x>\l jjjjjS j jjjjjS (Jjj Vn nlii'lj ^1! aj\ ino'sll 4 ]Ua 

> A_ixaa^)]| OJJt/llI 4 ^ \\ »Lfl 1 

2)-a i > r'i^j J (J jViti Alili 'A £.4* a A qjjo j t Laj>ac. c^jj^^a • 

j A-i^U 

^(u,v) = |X(u,v)|e"<^ ^(Q,T) = |^(Q,T)|e Mfi ^ 

\ j Ia^I^Lg aj^U 2)^ c . ^ 1 j 4-^^)^ uj^ u^ ^ AjuVI a jA Vi • 

<*(>*,>•) = |rt(^,>’)|e ; ^ 5fl ^ a[m,n] = |ii[w,rt]|^- ,, ' S[ ' H,J ' 1 

# ^lji AJ jjjjja o!^ tAjqjq^ AjuVI <jUj ajLuoV I <Jlijl£ lil • 

^(u ? v) = j"(-u 3 -v) ^[(O^F) = ,4*(-Q -* ) 

g^jujLia J j£j S jLoia]| A jiALaJI CjIjI^^U t ^q» xAl <^) (*) 3 *^ • 

\A(u, v)| = |^(-U } -v)| <Mu, v) = -f<-M ? -v) 

|^(n,*)| = i^c-q -*)| = -^-n -*) 


.(JjlstLoj ^'°j°-> jjjjjS (jli tSJjlxioj Jllxj'il <jUj o jUi^ I tlijlS lij 


/((UjV) = ^(-11,-v) 


J(Q ; 4') = Ai-Q-V) 


CjLAac. <juj jjjjji diiLsjaj 

F | + w 2 b > = Flw-’jtj} + F [h’, 5 j- = i< ; ' r 4 + w 2 B 

P\w x A + w t B} = P\^A} + F^Wjfl} = w t a + w 2 b 

> 4_Jal yrA S.Vq* x> CIijI jj \y 2 J W lj ^buVI 4 -ajUj (jj j ^ a ) eljljLjj] b J 3. <—^1 

.1l2 ^jI jSalt £'i ^ c5 JJ^ 6 A (Y ,£i )t j£jj* J • 

^ ( Q + 2jij\ l ¥ + 2 .jzk ) = A ( Q, x ¥ ) j\ k integers 

3lS I kl! ^ SjLSV > JSlI JU* ^ J ^11*11 JUJI ^ Ui <>liS ^ Sjl^V! ^ 4 E <*51L1I • 

•/v^W A\ 

; ja dui x > ^UjVI ^Uij Parseval 


+ «HC> | +BIH-i60 

F = | J |a(x, ytfdxdy = J j | A(u, v)| 2 dudv 


: ^UjVI ^Uij Parseval 


440 4-i* 


E= 2 2>K»f 


I ffP«_(Qe3j if- -o:. 


A-ojail (JjJjui ‘ ~~ o^jAUall t ^3 AjatjjJall A^Uallj (_p^* joj <j] &^A AiilJa” 

e^A .(_£-XqJI £j^<s (_>*idj 6 a 6 AjLiuij Ajxjddl AiilJa]l (jl ^ 1 ^* v ) ci[A77,A7] 

# jjijall .J.lS 1 ^ C5^ aJI^JI La_^-aC- 

I/A, B, C Aj-alaJI jjjjjS 3, b, C 4xj^l\ S.H*ILa (JjljLi) tAlDlj ^ ^<~- - • 


and 


<? = tf®fc «-» C = / 4 *£ 


F 1 

<? = «•£ < > C = — t A®B 

4 IT 2 


o'^Jti j L_j^)jJall 4 j\x>c. t ^)l A^il^kU 

(Jc-lij ^Jl ^3 j S^laLj l v>ijl 2)^ jdi] 4-j^rg 'la) WqA J 4 

4 >jV^l (J-dLuj (jUixlLdJj ^ .AjIIj S^Luol ^lljy — 5-1 L — — (jFi» j\i ^ >>>» J 

;(jU ^jlUl CjIjjI^VI a (x ,y) ^buVl <AUj SjLuSV I lil • 

^ t3f(A-, v) — > £j[A/ t -XjMj, ■ j) 


r/jew d(w.v') — » 




:u^ A(u ,v) j£jjs tliJa Uilc a (x ,y ) ajjUj SjLiVI lil 


-t-a-h ki 

j 4 (u = 0 , v = 0) = J J a(* s y )dxdy 

-<— «:i 

,, + 054-00 

a(x = 0,>’ = 0) = —£ j j A{u,v)dxdy 


dt(x,y) F . . 

«-» juA(u,v) 


£2t 


;<jl£ A (u ,v) jauj® c V-^ I b ^r a (x ,y) 4-ut£ SjLujVI lil 

f-jj (>•,>’) F . 

— — — <-» JvA(u,v) 

dv 


&a{x, v) F 2 , , . ^a(jc 3 >’) F • ... 

-u A(u,v) V. <-> -y A(u,v) 


a? 


df 



. 2 , C 5 ^ t ,V^* x> (Jl (jU 4 -S^-st-^l ^JjujJ 

5 f2jj 4og(|A(Q ,¥ )|) ^ ^ jIjLJI b 5 ‘a [m ,n ]o 4 jL^Vi Sj_^I _>ki a 5 


c ‘ b ‘ a 5 ^ j 


^jJa jJ 2 6 (j-<» 4 _Lat£]| s-ldill ajlc-V 4 _J^)j^)jJa 4 _L^)a]I j L_fljUaj (j-a (J£ 

LoAjc- La ^jJa jJ \) () j CjLg^1*_a]! (JjjLoiI ^Ac. Ja£3 ^txJa 2 5 LaAic. L* I.Wj La 

# 4 _L^.^a]| dlLa^i*_<a ^Ac. Aa £3 ajlstJa 2 5 



b <■ a 6 fS j 


^2 6 ^ *s >>» j>a Aa£3 ^)l,Vqx>\l d)La ^i*_*a 6^)jj^all fijlc-V A_iat£ 4 A^,^a] 1 d)La^i*_A V j ^jl^La]| djLa ^i*_<a V 

^l£AL ^ ^ * JJ^h ^ ^ jJa j^a Aa£3 4 A^.^a]I dlLa^i*_A /aAL^Al (_^Aa]| (J£Lula IgA j ^jjjaMI A IjVuma 

A^c. (j^<acN ill c jurtj ctilli j tbb jaloj <j£-oj 


^ jjIj J£Aj AJjIaIa ljIjLui] 



DjUiVl Q) l lai CjIjjI^I ^UaJ ^ Lajb c_U^J (jl (j£joJ 3. (X ,y ) ^l-*-jVt A-llal jjc. VI ojU^VI 

*^j! ^ i _ 5 -i*J b& (_£^)jb ^laLli (jia^)*J ^IxjVI 4-ijUj 

<?(.v,y) = a{r y &) - a(r) 

I j oj ^)ialjj ^jll djl ui.hII (J!lo A-rt-niail A .alajVI ^j-a --1 ^ -S t tel PI CJ = yl Xj f ‘ JJA 

(J j * ** L-il tn^k ^ic. (jj^j .liiua 

t^^jb (J£ju 1 j aJjLu-< 4 6jLujV tcilli A (^cd) gg-Jaall CjLjI.i*.VI ^ <. - £&j (jl (j£jb A(u , v) (Jjj^ii 

:ankel J 

CO 

A(u,v) = F{ij(„v f y)} = 2 jtJ a(r)J 0 (ci> f r>^r = /4(ffl,) 

0 

.ja^ (-alia <> J. ijVl 1 Bessel J 0 (*) j = «* +v J and tan £= v/u <ji ^ 

:cJja ^ ^Lxii o* ankel «ij^6 

1 * 

"(r) = — J A{m r )J Q {(i} r r )m i do> l 
^ 0 

^ic. ^L<uc.Vl #/ co 4 ^g.c«l*-ui]l Jaia <Ub t (_£^b jIjuVI 4 -ijUj Sjbjj^U (jl 

lifL. .(_£JjWI Q L— lJjaiJ ^jLaiJj till 4ili i^qj<A 3[X,V) = cl{r) 6 <-£jl ^ jlll 

. jLau^j UJ^ /4( C0 r ) 

JbuVI 4j il nil ljIjLuiVI £fi> AJIa! 

dL/l-kl^la (JLixJjujI Aic. <j^aLkll JJJjjS j D^jq^'l J AjjujLujVI CjljLujVl (jiax J 4 (J J«-^Jl ^ J^i 

^jUj ^ >>>ii\l y^j! jl (PSF ) <Jakill jl£i3] A qjJa j£ ^jt^-gjl JU^JI ^Jl ^luilui (Jj^aall b& Ajsj (J 
UIaxIujI jllLujUa J lj^LujI # (J a!\^ ^JaLouj jl (OTF) 4_SI^1 aj a ^IsuVl 

(J£ju 1 j aJjUu^JI djIjLiyi .(JjVl Bessel ^ ^ u//(*) j a qj]aj cq u(*) ^ 

. .r -J ^ jjb 


Ljl 1 it 


4 ^.L^a^Vl (jl .1.^ ^jLuj ^jj^all A \1 k a <Jjj\ii3l ^jjL-all j ^JaludJ A_ijL^a^,l c. <il jl (JUixJjujI 

(J-dl^ (jj^-i (jl (J ^*-^11 (j>4 (^]l J — dI Ja*Ji A .Cjljiy VI djlstjuj ^jjjJ Ldj>^C. cdjVI yi"\VI Jg qLa 1 

^ ^ jJa^ill (Jl yj*0 Ajljuj 4 qjJa jj A qla^ll tillj ^ ^ jJa^ill (JL<u^.l jjj A qjJa j (jl (j^J (j^j — ojj>^ll 

.a [m ,n ] ^-uibI-IaII u» (j^j ^ qli ix>\l 


^jjxuJl ljVU^I jjjjj Aijlaj 

^ jJa^ill 4 x>jq\ (_^ jLaui jl (j>4 (Jal 4 q]a‘ ; ix>ll (j>4 ^llk^ail ^ jJax^jl (jL (JUu^VI (_^A cCjVI yi^VI jjj 4 qj3a j (jl 

dP/da >= a ^ 6: 4 ^j P(a) .1 J) 0 (> ^ P(a) ^ +oo J! -m (> .acr^^l 

.0 


^jjxuull Jbu^l Ajlui Aijlaj 

aAp (a) ^ u' 4 P(a) cS^-V' 6 Aa lajau^ aILi* ^ ^ jl JUu^l 

yi^VI <*juj AiJaj p (a )<jl i* 




T.l 

Rectangle 


r sm.(2fla£. )' 1 

W* > 

sin(2#ij^)^ 

A f r J 

F 

K.b( x *y) = 

T.2 Pyramid 


/ . \ ^ 
Bin(2ffla^. ) s,m{lnbf y ) 

L ™f, **fy j 

F 

■:=* 


T.3 Pill Box 

2mf) 

£r 

JEflff 

F 

■:-* 

wf ti" — 1 

ftu 

T.4 Cone 

_L j 

f 

F 

<r^ 

PjrWPjr) 

T.5 Airy 
PSF 

■■ 

2 

V 


*<// -/ 2 ) 

F 


fzH-f 
UJv i 

/Y 

/l- / J 

rzp {r) - 

* \ r } 

T.6 

Gaussian 

G 2C ,(/,u) = exp(-2,T 2 / V ) 

F 

&nM = 2my ^{- 2 s} 

T.7 Peak 

1 

/ 

F 

1 

/■ 

T.8 

Exponential 

Decay 

2sra/ 

/(® 2 + ^) 2 

F 

^-ftF 


l£j jjjjj 3 JbuVl A-ijUj jj-ua ;4 JjlaJl 

tiAjc. P(a) ^Ac. 4 u«o\< j t. ju*n 

+ «D 

p(a ) > 0 and J p{a)da = 1 

-to 

djl^lia (jl O^Jh ^ S^)J3 Act CAtxj^jj AAC-^ AjjIj 4 x>a3 1 S^jj^^al 

^jujj Adi jjl <aial<JI ^ jl'-un (3^ l*1.Wj jti\ djl j>Jl AAc. C < )\ I jjj£ (j2^2 ^ jiajaJl (jUu^.1 <xjuj <1Ia <jl .AlLlj 

gjLJl ^ajai^)ll l**lVl <dK3) <llal<Jl (jj^d C^lj^N 1 (Ja*J J C&4 LS-^ ^jUill ^jua^II . /?[5] ‘ ^dUd 

if\ c^LujLud]! Jataj AAxJ (Jac. ^all c-L^a^Vl /3[5] 6 cs^*-^ .1 4 Ajjljoixi 

^jS Igja cj2 

/jfisr] = — /iftsr] with A = ^ /j[ct] 


^ -lalxk^a # a7 ^-3 ^jJaujj 5 3. 5^)jj^all A *s j^ll 6^)jj^ail ^ jloxull (jUu^.1 <11 J (jl 

^ajuj jjjl ^ AAa^JaII ^Jajudll (jLdlL^.1 <xjuj <1Ia ^11 ^U» ) ^jmj (_£A1I 3- 4 ^3_J ^juj^)!! ^gjl 

t ^gJax .gjl ^ <jujLudll Jalfij AAC- (JjUL ^-A-ldll ^ajud^)l! Ia& ^3 .1) 7 ^3^ 



Jakk^ (b) jj*aQ\ ^t SjU'tfL a 4 J jwijll £jkui £jjjj 3 Jb (a) :7 (Wijll 

.a 4 


i£jJ (jl L— L^J '4 *1a 1I tiil^jj ^jU-i£X^j L Quo j IaA Ajalai^jl ^ja (jjdJjUi^ ^gjl x.o~s VI ^jLnll ^juijllj ^jjjjll Aili ^ja (_]£ 

4Aj1c- A m a AqJVia ^ja (jj Un-^ Laijc. AjjjiaJl CjIxj jjjll CjI nA Vi^ l^lajj ^jl U20 p [a.]j P[3.] (jU 


D JJ^Aall tiilj (Jj£juJ Ai£ JJu>a]I Aji1jLa]| Ajjlj.uiy.il CjULoxil till ji] ^JA .1^.1 J Jj uViar*! A m ^Jl A qlVi^jl j 6 jjx^ajl ^il 

.A-nVill <JaI j^JI CjI 1iaVj£ jJajj ^jl L-Laj 2AiuiLjfljC.^ll CjUjLua^ .VI 4(jLlui]| (Joiij .AHaloH tillij 


J-ULaII 


/77 a ^ ^ jJajudll (J»1 *_a ^jl # A ql*i ia\I tiilj (jjjJa AjujLudll A jaaj ^ jl^ui Ajjc. Jajui jJa£ L-fljyJa A^lai^] Jajui jJaII ^ jJauill <jl 

;(Jj3 ^ja ^JaxA A^iaij jxu>i /\ ^LujUjII Jallj ^ic- 4 




= ~r £«[»*.»] 

“ (nr jr)£jP 


4 ^jL^a^VI ^ jiaj^jjl JJC-^ 6.VnulA <c.ljv^1 (JaJLJjuIJ (jl ^j£aJ (j^J 4 till J (jC- V-lJ 

h(a)=A*p(a) 

[^JaaJ lilA .ft A L^ViaII ^ jiajudll ^aJiL 


.^jVllI ^ jJajudll (JLaJ^I £J jjJ ^ja 4 4 lorn jJaII jJauill jjA Vi jA 4 [71 q 6 -I^juj jJaII ^ jJauill (jl 

^jLjlaII lJI j^JVI 

_fll j^j] AujUjII lol Vn (^D^) A^laigjl ^jAjJa ^ jl'iuJ] 4 £3 4 (_£jLi*_a]! L_fl| j^iVll jj Via jjyJl jjA Vlll <jl 

;(Jj3 ^ja AjJaxA j ^jjLiy_A]| A m \l 


= J73: £(o(JM.M]-m fl ) 2 

\ A 1 

_ ^ I m .Tgin 

\ A-l 


VI 4x.Lu^a (JLoslIjujI 


| *M:i|j-A*wi; 
" \ A - 1 


^^Jajudll (Jl A)^\\ £J jjJ (jjxtVi 4 5a 6 (_£jU*-a 1I (jj 

ui^U^Vl J4I& 


;cil 4 C\/^W ^ ^L^V! lW^ <j) 


5L 


cf = -*-*ioo% 

m. 


ajjLuo^vi j]) 


^Ac. 3 ^ jiajaill A a)^ Gia^xJa <Loj 3 d mJa ^jc. ^ p% 

P(a) = p% 


^g-Sl ^<Q JSjoL) ji 


J = p% 


> A_1a3^)1I A y \\ x a (J-<ixJjuij A i>«ol 'N dlVL^ di^lj 

AliaixJl ^ 4 aM ls ^^N\ %0 • 

A qJ-iixAl ^ <Jajuj j1a]| 4_xufill %50 • 

<aJaiAll ^ A xn’qU ^j^aaVl *l^Al %100 • 

. a 7 ^ j ^ jjJI U-? j (jl 6 ^a qa 6^1 j (3^ 

JqaII) 

# ^. j (jLaJ 4 jL ^ ' A->x>*i .W u*i lljU (jLojJa cilliA (JJ^ JjIjS <Lgj3 -Lxaj ^jl 

(grj^^/SjLu 1 )) SjLiVI 4 j«uu 

.Sn 6 tg-9l^)^Jtj S^LaJa s-Lja ji> >i\l (jl # L_flJ^)ljU S^C- «^Ij (jl (j£-aJ 6 SA/P C^cJ^uJql] d^UjjVI AjjoiJ 

SA/P (j\$ ‘ B.min <= 5 <= B m ax 4 U£ Sj^V' u' U^4 ^J^V' 


SNR= 20 log, 


^mai; ^m§n 1 ^g- 


j.w*\l SjLujVl 


*ub^*J (jlAj^>*-j u!^ ksi~\\ _jjj IgA L_fl^)dLj d^LujVI lij 


SNR = 201og,/ — j dB 


i j £jlj S Sl N - ^ J ^ k 6 _J^-AjI 


SNR = 201og l0 [ — ] dB 

\*®n / (JiLuta S & N 


SaJ m a ^ 


. 3 Allaiallj ojjt^ll 5 (J J*laAi /si U» * 4 1 


jUL 


-VI 



8 j 1 \&a CjUjU^I .$ jiliil AilaUI 5 JjAaJ! .8 ^ jit 

^ j]on,i djli!>llkVl .S^jjujLixi jlLd (Jjj^ (JHaII ^Ac. o.Vfuu^jl (J-at£A SNR 

d^c-Loiaj .4 jNxAI CjLg ^1x_a]| ^a L_fl!>tikVl (^gA) (j^A Ajj\]^x> cLaj^c. a** n*nl =49.5) d^ij^AI 4 x>jq\l ^Al 

‘ , c?max ■ <3m/n ‘ (/4^Lipit lS^J 5?S (=4.0) lU*1uu <J <j&4 <jaj .SNR 

:<^ ajIsjII iu-bjail 5) .(dB 33.3=) SNR yU (=241 -56) 

(({J^Lula lil Allalftll ^a L^^UkVl j <Llal<Al tillj ^a Lj jSJ AAjIj ajlAdVl • 

,Sn = 5? SlJ^ (j-d (^lac.^ (_£jU*_x 4 £^4 Sjjj^all cJ-al£ (fc5 Ac. e-LjajjJall • 


kj'V aU JjIaj 

.(SJUd^Al (JjJjjlLd £>4 (J-dlxlAl (Jg_ulj (jl (j£j<4J ^lAl J 6^)3 jlx4 0 ^ ^ L— fiJlC- jl <llaix4 £>4 LdAiC. 

(JjjjalA c.’* lljVql S^Cr .Wig 1 .a ,b 9 (^J ^ J)jl ^ (J^a JJC* P J& I aS ^jud^A! fijjj^a (JAalL UjU (jiajiiij AALa> A]S 

.U l Wl^j\ m-vll j) <aJai^]| 

^-LuuLl^JI J-dj 


Uiliajl LeJil CjIaL^jV! jLu^ ^gAc. h^\ ^ j j <c.LaJI l_j jac. aL^AL Ag^.^AI .(jL< 4 jja Jac. ^gAc. ,vruux 4 

Jal IgA (ajots^jl ]oj*\x> Aaij (j>4 ^Aaj^. ^ 4 J^q *1 m \ AA.uA.uA I 3^^ (^gAc. 4 Jaaj (j-<4 

.c a 9 ^3j ^aUjj .(AjjLuII jl) (jjAin^AAl (j-<4 ^ui^\l ^<4jJa (j-<4 

^AaJ^-xAl <Aa^j X J 6 aIuAjuAI <Lu^-o djU^L^jl AajUuj "ik-u j j^ajll 

;c^i Lo^aC. 


C/jcrm cotsfes 


3 2 1 

4 x 0 

5 6 7 





villj Jsuj (CjjLj) J-uaiLa JLA (b) ^1) S jjaluu^a (a) (JjpA ^ (^ HUa) 4^kia ;9 ijlt 


AXuvi^jl J-4 J ^j-^jL^A. 


lJ4^ {1,3, 5, 7} ^ jj * jJI ajSaVI djUUiVI QA1L {0,2, 4, 6} <Wjj jj^ j • 

iUUSyi 

(j-a l_jIaM 1 ^ji ^ i^kj J 6 45 AjjI^jII Ciiiic-djla^ (j-a i(_£ jl^ll j (jl (j£JaJ 5^^ LP • 

4 Jaaj 

5^^) 4 g 'sll v 4 _a 3 - ;tilli ^Ic- (JliLd ^1 jVl 4 Ja)yj ? flj ^UaAll CjIjjI^,V1 • 

.C^jl AllalAI (2*l£ L_L^a j (J!LaJ 4i.uilui 

# 4jjI lAjcLj 4 )oVi'l . aaL^j] jj%£ JgA^ll jli v^jjJllLd aIjoAuj c5 U£ <jj5Ls UiAic. • 



4 jq\-v\ 1 JI ftlinj^ll V J ^JUd^JU 1 AaJU ^}-Al Jataill ^ic. JaS3 AxUXjV v -Lxi^, ^aJl J)J-a jfi\ <UjudLudll Jy* jj] (JjJliil ^.W’u^j 

^ ^^judll ^ • 10 (j5^ 9 ^Jud^ll Cj^ £ ^)J) *> «Q <0 li& # 2ajuJ ^11 ^3 V U^l 

.4 f\\ a) V^j 4 IxTi^xt dilAL^j] Ajuj^j 4_LudLai U^ (j^J 

1 

Crack codes = 2 x 0 

3 





SEEK 

W 4 




H 





H 






Mb 

»K 






1 

i 


Close up 



„ (a) (b) 

.tiL a . m il JaLSb Almlmll >»j ^ UL lalii (b) (a) :10 


(jjiJI >jjj. {5, 6, 7, 7,0 } ‘tJLuVt (^L-Vl (ja cb 10 ^ j ^ j^Lall ^Ll] aLaLJI y* j jj) 

. { 3 , 2 . 3 . 3 . 0 . 3 . 0,0 j 


Djamil J>«j 

d j-dl ^luIj ^-dl — ^j^a — L <Usi (J ^ia Jc. Adtlldl Jata^jl jj-ajdj ^^Sc. AlLoixa Cllllj (JjlxaJ 

^j>a ^.^C. tdliA # d 9 ^juj J lJ^ ^-3 fi^A (Jlixa /LaU^jl ^S^xaj ^11 g.1 lacA ; 4 l-o-v ^ 

.l3j. ls ^ lU *14 4 1>3 lW> .^tSi j-a 11 jjjidi 


, tA-maJl ! (Jlxa A_aJt*md J£juij aJnLdl diiLjadl L>* tdtiA 

o^a j 6l_jU£A1 ^ ~n j jjailll .^dl fjara 6 (Ada.ma.ra. ) IjLdd cd/bj^j c^Ladl 

a j^n\ \^1 a a^uii A-ixuuij j (jAAmaiiilij (Fourier ) <*-Lxdj^di <>iA •* s*^i j aju^iiaj c_ cj^^adi 

A_xalaj| ^3 1 ^ CliVA^xaj o JlA TjC- Q^i A^l£ Ai^)*md £^l^dl oJ ijjdl ^j£»aj ^I^jlaAVj 

.^iLadlj A-aJlat dl 


Ojlll 


(J j,W~*\ ^jjJgjl ^jj jjj # 1600 LS^ (IP (J^ C)* £ J^all A jqjldl A » jjldi L_flUjIi£j Asu Laij Q^il ^Hhll ( 

4<dli ^glc- 6 J^C- .A-p^plI <jl ^IVl ^] f i> u qj (jl (j£JLi (jiaJjVl £ jJ^all (jU CjI^jjjuj j-dl £xa Aj^)Laj lAl'S v>i j # LlAjJ^aJl 
^glc- s-jjJ^j! ^j>a ^)>n^ (jjjVI £ jj^all . ^jl A qVi^xi A_iLla A_1 A^IL^aII jl ^ jjJall jl Jsl^-V 

0^)Jg /tlXllI ^JJ Jjj L_J^)l_^j ^jU JVI L_fl^)xj J-£^ ^ ^) * u^j -2ajoJ J ^gJl £.!^J! QA LdAjc. 4 (JHa]| (JjUjuI 

A qVi J sx> CjI^ ja (Jl^Jal AiUa jjJq]I ^jU i**njj 

Jaia c. <aj]o\l .nm 750-350 <-J^ ajljuj! j a_^^^. ^Jl AjojI (j^d^ (j) 

(jjtLLujU.VI J 1 Utn A_^.j^jl Jl ^2al j c. <aj]o\l ^ > >n laljaLa j^)^£ll L Lila] I ^istj^a 

6(JL^. AjI ^glc- ta^ xi\l ^xa ^ J> tug 1J L5^ ^doJ jjai^-xa ^)j^a3Vl A-^ (J^ C(JllLd! (JjJjai ^ic. .Aj^jj^ad! 

^jU A qj’q^ll AjdaSllxa] ^Ja*J (jUaAJjuj V 1 l^A (jUj dafi3 A_^.l^)il ^ (J^ ^dax^axa (jUaAJjujj ^jl ^ j] 

. (Jasdl ^ JaS3 



electromagnetic spectrum 


.00001 nm .001 nm 1 nm 10 nm 


.000111 .0111 1ft 100 ft 3100 mi 



400 500 600 700 

WAVELENGTH (Nanometers) 


f jJali jla t i-Jall 


i gj^l^ll mOU (J.a*U.^ Lade. A >.s^\ 'S ojjtnll (JjWl 1^, ^ 1* \l Qj^lj) 

(J £1 S.1^1 j ‘(<jjjl = 3 = G t^A^.1 = R) A qll's^ ^ c4 jqj’q^l <jl jj jVl 


cjj£)I jt^Uj 

RGB UJ^ (Jj un ^Ac- ^ >ri<a ^^ A (jl <^ldk .(j^l)l dsuVI Jj : i UJ^ 

CMY (JJ^ JJu^jl £CJUdl J^jl J djVl 6 jfi jjjx>^\l CuLudLud (J!Lg djl qjjWl (J-<lXJjaUi 

(JUixlajJ jii£j ^ jjj^qJI ^ > W » dull YIQ j 6 dlxjLyi (J.A * -j ui a 

.HSVjHLSu^i^ 

t^l^A^JI j s-l^jJadll j ^lijjll CuU jldl ;Culjj£^4 4 u!>Ij LgJ A laflj (Ju JAjULu L_u£^)J j RGB ^-dal (j^a^)*u 

/aJ j-aII (j! jlVI c-Jfcl 11 jj (jl Ajjjoi c** ia> 111 ^lll 



VALUE drihi 



3 1 




J 


jjjdih =! m 


tepih * 1 
nu J3 =i j 

\\ r j LOrjATJDi-J d'ii'i 
\ \u TJj'jJE dii in 
j J. f j j'dALyK d'ii'i 
j-J f j j'dA? d'ii'i 


^*lx!La CIjULij ^ l ^ in -aJj ROB QJ^ 


# 4jjujLajVl (j! (JjjVl J .RGB Qj^ S <Jaaj (jjfL (jl UJ^ J* 

:j\i as gi /Vi au^ ^ lP 4 u> jfri ^ 

lijj' + _>**■' = 

Jjjj ' + = (_£jIaui 

= ^)L^al 
a1xu^-a]| dilc- 
(c5>^) + (g-^oil) (3jji = 

Lgj* jfl + = CM 3 ^ 

(J jUjuJ + ^^jojLojI^ £.1 ^ y = (_>^lj| 



RGB Color CUhe 


Blue 



Cyan 


Green 


RGB ojll' 


CxXi *bL RGB ojd)l ijaj a ixjjj^q YIQ ujdJ' E iUij CMY 2 ij-s 


c 


1 


R 


Y 


0.299 0.587 

0.114 

M 

= 

1 

- 

G 


1 

- 

0.596 -0.275 

-0.321 

Y 


1 


B 


Q 


0.212 -0.523 

0.311 


R 

G 

B 


YIQ J! RGB cb^ (b *CMY J! RGB Oo^ (a 


RGB jj^ 3 

(j) (j£d (jd J cdUj£>a Aj^Ij LgJ RGB jd (J-^*-^ 1 ^ C5^ -2alaj 

# qj£^ (J£J *d^l j t ciil i±la d^lii Ajj£>i RGB 

RGB * jj^ c3^ 



<3jJ (c (b ‘j^ (a 



Ajillal! (Jjtsj 6 RGB (Jj^ ^3 ^ ^jjIij jALuj (JlLft c4jjjuj CjI qjlnll ^jl L)^ 

ojjj^sJI (jL jjAj (jl l_l^j 4jjjuj ciAkiLJI ^jjjJ^j *1 xj 19^^11 Ajiilall cjLlli-ill]| j A qjlnll 

.RGB gj^ ^ J- AxIxmIxjJ 

CLn\ 2/ILujI g)ia^)xj 

^x-aUaJL Cjlc-^aa^all 


a !\ ^ J c J&LudJ <jl ^j£^J cji 4_ijLftJ <jL Ja^.2Aj j! 



RGB S j j^aJ 4^1 £tj^! 

!>ILJ .RGB (^ J ^ a ^ c ') (3 

L> Lmj 4_pl* j . R,G,B 

i \ ^ 1 'v "D D , i \* \\ ^ i*Til i*Ti ft ,/**»« \ # oi \ a / / * 4 \ / z' y\ \ 


;<j^l!i]| I 6^)j^aUc.j A jU^Vl RGB fijj J^a 

j^ajo jiixj jl gpj .Al2kj (j-ft r , — _ --— ^ ^ r^' • xv,^,^ 

.RGB 3 jj^ <3 ‘RGB l >° j*-^ ggjjl (3 uj3 J 



R j^c. (b (a 




B 


(b‘G. 


(a 




a I jl \* \1 Silc- ^dll J A ajqj 4_^.j^a jj AjA^C. <La j 3 (jj£j (jl (j£-oJ A_ia 3 jjjl J^ljj ^3 

(jj^jl j-d gJ < (J.A».j.ui^]| (j^ill j-d LT^ ^^*- J ^j^aljaJl # ^)j^aUc. 4 jjlj tgJ 4 log *1 (J 5 I jsjjl^jl ojj>^ll 

W V .JjjVtj J^VI 4 J^VI (1)1 j3V! *351311 jJUxl! £JjIS3 cRGB 

.(j^Jll (J j ^ jqjq^ll (jl ^IVI C 5 C '^ ^, 1 j .S^)jj^ajl (jxu>i Ufll ^j 3 JfoM (jjLaxj.^ dj^jLij Uj£^)j til Li& 
/a^jj^all Aijq^x> (jAjJa AjjujUill d^jLqIlh V 1 *J j j^»A 4 Jog *1 (JSI 4 jqjq^ll Jjll! djULu L_u£^)J 


w-a/ue dement 

i/j^HJP [Jziili r*— — j~~l vector 


eacft QfQrmnt ft as an impficfi: 
posRion in tfte vafuQ data 



► ihfil 

widift 


CjUL^JI 4-sj 3 £-ij-4J # fjui jll 


(j£-oJ (J jd^Jl ^lc« (J (J£ .^S^Lul^jl (J <J jd^Jl ^11 JJi 4_Lfij 4 _x*j 3 (J £ 6(j^Hl (J jd^ djULiJ t > \f^J^ 
dltdA /D^jj^all (j-ajda (JAllI ^3 ^Ac. ddxJj ^ 0 ^ ^1 (j>4 (jjfLi (jl (j^-oJ (J jd^Al (J ^2a .^J^l jl d^.1 j ^)>^>’lC. iibji 
4-laJ^i. j JojJo Vi\l (J jda. t^ad&Lulgj! (J jd^,^ LUX 6 (jl ^Vl 4_a* ^1 ; 1 g ix> (j>i* ill 6(j^i]| (J jd^,<J s-LajoiVl (j-® dldxll 


•ujil' 







AJaj JA i CjUUj J-4J a 


^josJJJ (JSjuoJ Qjjjll CjUUj L_ll£jJ (jLaXJjolj j3 (j\ 

(_]£ 4 IjlAXJjujj 1 ij '4. j (_]£J ^aj3 dj^lj <- ^ 4 )a* * • 

^3 <Lo!1^a 11 J^oi) 3 Cy* (Jj^»^ 6-1^1 j <L<aj3 Jais Jl^lj ^jl 4 lag* 1 ! 

m 4 jibiLaJI cl)^ 3/1 (_£jbusj (Jj*^ 1 /o^)j trail 

J&\ A ]aUl L-lULoC, (3^ (jU 4 0J BI (J |J^ Cj lULj L_u£jJ (JLixIujU *4ji^ OJJJ^ajl lil - <* -V ]\ X <c. JJOl • 

^jj£j jx ^ I Loj^aC- Q^ill (Jj*l^ (jl .Q^ill 4^Jlx-<a A-IojujI^j JaS2 Jifljj (jl ^)ha]) (J-al*Jl (J^jlJjojJ 

.4-aJlx x>\l ^)j£l 4 -C. ^)juj ^11 (_£^jJ 46^)jj^all (j-a 

• UJ^ J. J 1 ^ 4J^1a]| Cjl^Lill a! ajt x> • 

<j^\j]| 4_lataj ^ ^ jjuiVl - Jataj q ijh A K kl\A (J^J Qj^l cJ. J-^ ^ 4 # 4_J^)^j]| 

QjilU 4 



4fijlc- # 4 joying]' <a3al^JI ^Jj ^ x>*i Vi A Jag*! (J5I ^il 4 _x*j 3 c-UaC-t^ 6^)jj^all <jl ^A (jl 

.4 Jan^Jail 4 qliiali (Jjta£ ^ y^Vl ^AxJl (jjfLi c** n«\ j ^C-L^a CJJJ^J 4A2al^)l 3l^cJ L_flJ^)xll]| 4 _AaC. 



(_£^La ^gjl ;Ai^)*_xi S^jjjb^a 





23 - 1 J ^ 0 24 dlliA (jl ^ i ^ ^ J 111 ( 23 4 jG*-a]| *^dJ >,r0 ^ ^j^a A Will (_£jjL^aa]| ^LoJ^jl ^jj 

4 ^paJJ VI (j^H3 0 ^-Jaa^j! ^J3 ^jrOjt^^M ^li(j(^ j! 2 )^aJ UJ 1 ^ (Jj'-^ ^ lajj^Joll ^Jal_lA]| 

. ajLIIj 4 j-^yi jjJU i6j 10 G 

(Jjj2j ^g-lAjJa (JAllI ^j*<aC.^ RGB (Jl^aJUjujlj Q^l (Jj^- 
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B 
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255 
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0 

0 
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0 
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3 
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0 
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0 
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black 
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0 

0 
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0 
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0 
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0 

0 

black 
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0 

0 

0 
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(JjUL ^)L^a (J2^l 2)^ c£^ (_£^)jui 2I 4-t43^ cl) -0 ^*-^4 . (^ Cjj^ 24 dlll& .^UlujI ^Lulj ^jl 2 ^aj 2t4^ (Jj«i^> 

jjujVi jjUj 4 j£ 4^ j (J4^ 16 6 10 6 1 <J4^ 6 (jia^yi 



ch^t Jj^ u^j & 



;Q^I <-) jt<-^ (Ja*- 11 (Jj^)Ja Aj^Ij dlllA 

I s-UjI ia£2 <-) J 1 ^ (J^*-^ ul j • 

A CjULij £a Ajjjoi c $\a\\ (JjoSj q^I (J J 1 ^ 

A. Qj£j A >jV^l 4(j^Hl (J J*^* <^4) i^l^j ^J^al j (J^ **n JaJ^)j • 


jj^JI (jj^\ CjUi-Jaj 



gl g£jLj tg^ill 4_jCl^.l ^3 gCLa diL^g^J ^ja 30 j^H (j\ g^4 1 ^jLudjyi 4jjgll ^aliaj 

A qVi^^'i gl jlVI C1 jL^.jCj gpa ClAl^jl jlAJ 

& qV'i'N ^ g^la t^lLlA >L £CU j^\ ^jjjLiLqJI ^gij ^gC.1 llaj^al (J£ju1j gl ^Vl ^j^h^vnM A ) "iVi 4 _jCLg^)]| ^)jj^all gj_^j 

CjU. jli (3 J) gjlSI ^ ^j-aj^-arLj c4itj£J| g ) InVk - 1 <3 j^la 1I c4_ufl^jl > 4 _jCL<4^)]| »«o\I ^Jl g^ill 

4 x>jq\l gjlaljj ^j]| 4jcLg^)]| CjUjILoiaII tiili ^Jj g^ill g-G g^.! ^gJj j ^1 4 ^<uflll dl^j lal l >n ^gill gcL<4^)]| 
<_£ jlLai^JI ^Ic. d^Lijalj 3 <_£Cjj (jl gl . ^ jl5l diitajaCtlJ l£^-* J jJI l£ jJjoi^JI J jadi CjLuilill A.nlc.1 /.vw^ll 
^gill aj&^a Sgjj^a ^a a -vjV^i gj .^J^lgjl <jujL4jl (RGB ) £A!i]| g^ill cl ^Jl dca gcicij g^x^jl gcLa ^ 

'A. u jUI Cj^LajaCjlj gcLa^ll ^jJjouJI ^Ac. IgC j\ l5J)"'^ a C-Cixj 

gjUl AJaj \jL CjIjUIj ^Vl o^&Jl Cjtflj^J 



£jjl jl 4Jajj^ 


;gjfljglaj ^aJJ |jlA j # Sgjj^)l g^ill 4JaJ^k (Jy^ ] Cj^)j LuiLuil 
# L_fl^)3iJ4 g^] (3,\nkii ) ^gJL^JI g^ill 4_laj^i. u^ c>% u^ i^VI gj^All c-lg^l • 

'A£^)* -a 4_Lag^)l lifla (JccCj g^ill 4_]aj^i. A j\l "■fcjl ^j£jl C % n^\ ;g^ill 4Jaj^k ^ • 


JH\ cxfil t *\* l*! 


< <Jaj^pkl] gjUU^ ^ till jA 

tilliA (JJ^ ) ^-3 <illaj£ Ja^3 cl jJ <JaJ^)^Jl ^3 j-<4 (_^L <JaJ^iJl • 

>( ^y jjloll Jajja^ull V] k (j^ajL^ak 4 j» n 

A Ja^jl 4_xu3 4 jjJa j£ 6^1 jJi 4_laJ^iJl ^j 3 gj ;djUL^]l 4 jCL<uc.| • 
jJjabQ g^i Dgjj^all (_>^j I 4 >Jj gjlll AjCL^J (_^cL<4^) (Jl CjL^,^)C1j Sgjj^a !!Aijaj| ^)la^)xj 

^4 Dgjj^all Cj] jj] 4 jVqMl /ogjj^all a^CuLiA ^jJajj gj (J J 1 ^- k**n^j cijj ICA .14 j3 (^cL< 4 ^gjl 

^JaJa^Ja gl gl <» <1^1 M 1^, gCL<4 ^gjl 4_ilsu 






(a) b 

4_pL<ag A i\y*n ^{3 $4_iL^al 6 ggj^*a 

1 jLajl ^Ic. .4-pLagll ggj^all gJjH -jl alik ^ g^J^-?“ (j^L<4AJjujj ^jlj^)jj^a !ALujI giagxjjuj 

." Sapseudo" uiJ® Jj-^ u^e)' c sj^'j "t j* o 1 ^" lhj^' 



(a) b 

Sapseudo ud^ 1 Jj-^b) • £ ja i_>“j3 uo^' Jj^ (a 

AijJ-Jl Jjl^ fUj 


gjjj^aj 4_jg^j]| SgVi^x^l ajj>nll g] .gjj^jl ^Ac. ^ j Aij j^JI ggO (J 4 jqj^ tU& g^l Vuu 

Jx^j J g^A .1262 C5^] 1024 2)-® Jallj ^ jlgjj .gl^V! o-i J ^ *. j J oLi»-a] 1 g^jg^4 

A Jat^jl ^aJ3 3qq Un l£jL gj^J * a ggjJall g^l tdlA^jl ^ A->q *1 (J^l j£j 4 ja> jjli 

gl gA 4_jg^j]| ajl& glagc« g] , t — flJg&ji (J gjjWi A ^jVi j 4 jL«oVl 4_pLag]| Sgjt^oll !!/IAjujI gia jg*_<a 

4 jVvn dbJagC. 4_pLag]| Sgjj^all g^ Aa^-^J .Sgjj^all 6 ^J i. UuLl^JI L_fljgAll ggill (J is^L) t — g^ag*-j 

.^gjl llll'SxAl 






d Jj (b (a 

J j <L-sailA]! $.l9^)^]| SAaC-VI ^JLiaJI JalazLol! (J^xJjaij <jl (j£jaJ tVjl 

tAil^JI ^ /D^)jj^all ^ UajVlj ^ic-Vi <Ja%]l (jJJ ^ )o* (JjAaJI ^Odi (j] # (JjAaJI 

j^JaJ plSjjll J^Uall <jl b n>ll JaJaa^l l cJ^l^a Ujl^) .1024 1262 . Lr^*^J 6 23 8 

.iliuil A^jJa^o (Jj^JI SAacJ (j] .(JjJlaJI AjtgJ .♦ (J^Uallj AjIAaII ^Ic. 
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Lightness=0.3 



Lightness=0.6 


Lightness=0.8 


HLS j RGB C jJI 


/* 

Calculate HSL from RGB 
Hue is in degrees 
Lightness is between 0 and 1 
Saturation is between 0 and 1 

*/ 

HSL RGB2HSL (COLOUR cl) 

{ 


double themin, themax, delta; 
HSL c2 ; 


themin = MIN (cl . r , MIN (cl . g, cl . b) ) ; 
themax = MAX (cl . r , MAX (cl . g, cl . b) ) ; 
delta = themax - themin; 
c2 . 1 = (themin + themax) / 2; 
c2 . s = 0; 

if (c2.1 > 0 && c2 . 1 < 1) 

c2.s = delta / (c2.1 < 0.5 ? (2*c2.1) : (2-2*c2.1)) 

c2.h = 0; 
if (delta > 0) { 

if (themax == cl.r && themax != cl.g) 
c2.h += (cl.g - cl.b) / delta; 
if (themax == cl.g && themax != cl.b) 

c2.h += (2 + (cl.b - cl.r) / delta); 

if (themax == cl.b && themax != cl.r) 

c2.h += (4 + (cl.r - cl.g) / delta); 

c2.h *= 60; 

} 

return (c2 ) ; 

} 

/* 

Calculate RGB from HSL, reverse of RGB2HSL() 

Hue is in degrees 

Lightness is between 0 and 1 

Saturation is between 0 and 1 

*/ 

COLOUR HSL2RGB (HSL cl) 

{ 

COLOUR c2, sat, ctmp; 

while (cl.h < 0) 
cl.h += 3 60; 
while (cl.h > 360) 
cl.h -= 360; 


if (cl. 

h 

< 

120) 

{ 





sat . 

r 

= 

(120 

- 

cl . h) 

/ 

60 

.0; 

sat . 

g 

= 

cl . h 

/ 

60.0; 




sat . 

b 

= 

0; 






} else 

if 


(cl.h 

< 

240) 

{ 



sat . 

r 

= 

0; 






sat . 

g 

= 

(240 

- 

cl . h) 

/ 

60 

.0; 

sat . 

b 

= 

(cl.h 


- 120) 

/ 

60 

.0; 

} else 

{ 








sat . 

r 

= 

(cl.h 


- 240) 

/ 

60 

.0; 

sat . 

g 

= 

0; 






sat . 

i 

b 

= 

(360 

- 

cl . h) 

/ 

60 

.0; 

; 

sat.r = 

= MIN (sat . 

r, 

-l) ; 




sat.g = 

= MIN (sat . 

g# 

-l) ; 




sat.b = 

= MIN (sat . 

b, 

-l) ; 




ctmp . r 

= 

2 

* cl. 

s 

* sat 

. r 

+ 

(1 

ctmp . g 

= 

2 

* cl. 

s 

* sat 

• g 

+ 

(1 

ctmp . b 

= 

2 

* cl. 

s 

* sat 

. b 

+ 

(1 



if (cl.l 

< 0.5) 

{ 





c2 . r 

i — i 
\ — i 

o 

II 

* ctmp.r; 





c2 . g 

i — i 
\ — i 

o 

II 

* ctmp.g; 





c2 . b 

1 — 1 

\ — 1 
o 

II 

* ctmp.b; 





} else { 







c2 . r 

- (1 - 

cl.l) * ctmp . r 

+ 

2 

* cl.l 

- 1; 

c2 . g 

= (1 - 

cl.l) * ctmp.g 

+ 

2 

* cl.l 

- 1; 

c2 . b 

= (1 - 

cl.l) * ctmp.b 

+ 

2 

x- 

Q 

1— 1 

- 1; 


} 


return (c2 ) ; 

} 
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HSVj RGB C 4^* jJI ^ £. 


/* 

Calculate RGB from HSV, reverse of RGB2HSV() 
Hue is in degrees 
Lightness is between 0 and 1 
Saturation is between 0 and 1 

*/ 

COLOUR HSV2RGB (HSV cl) 

{ 

COLOUR c2 , sat; 

while (cl.h < 0) 
cl.h += 3 60; 
while (cl.h > 360) 
cl.h -= 360; 


if 

■ (Cl, 

.h 

< 

120) { 






sat , 

. r 

= 

(120 - 

cl .h) 

/ 

60. 

.0; 


sat , 

• g 

= 

cl.h / 

60.0; 





sat , 

.b 

= 

0; 





} 

else 

if 


(cl.h < 

240) 

{ 




sat , 

. r 

= 

0; 






sat , 

• g 

= 

(240 - 

cl .h) 

/ 

60. 

.0; 


sat , 

.b 

= 

(cl.h - 

- 120) 

/ 

60. 

.0; 

} 

else 

{ 








sat , 

. r 

= 

(cl.h - 

- 240) 

/ 

60. 

.0; 


sat , 

• g 

= 

0; 






sat , 

.b 

= 

(360 - 

cl .h) 

/ 

60. 

.0; 


sat.r = MIN (sat . r, 1 ) ; 
sat.g = MIN (sat . g, 1 ) ; 
sat.b = MIN (sat .b, 1) ; 


II 

M 

C\] 

O 

(i 

- cl . s 

+ 

cl . s 

* sat.r) 

* c 1 . v ; 

c2 . g = 

(i 

- cl . s 

+ 

cl . s 

* sat.g) 

* c 1 . v ; 

c2.b = 

(i 

- cl . s 

+ 

cl . s 

* sat.b) 

* c 1 . v ; 


return (c2 ) ; 

} 

/* 

Calculate HSV from RGB 
Hue is in degrees 
Lightness is betweeen 0 and 1 
Saturation is between 0 and 1 

*/ 

HSV RGB2HSV (COLOUR cl) 

{ 

double themin, themax, delta; 

HSV c2 ; 

themin = MIN (cl . r , MIN (cl . g, cl . b) ) ; 

themax = MAX (cl . r , MAX (cl . g, cl . b) ) ; 

delta = themax - themin; 

c2.v = themax; 

c2 . s = 0; 

if (themax > 0) 

c2 . s = delta / themax; 
c2 . h = 0; 
if (delta > 0) { 

if (themax == cl.r && themax ! = cl.g) 
c2.h += (cl.g - cl.b) / delta; 
if (themax == cl.g && themax ! = cl.b) 

c2.h += (2 + (cl.b - cl.r) / delta); 

if (themax == cl.b && themax ! = cl.r) 

c2.h += (4 + (cl.r - cl.g) / delta); 

c2.h *= 60; 

} 

return (c2 ) ; 

} 
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void scale (float sx, float sy) 

{ 

int xm,ym,col; 

int xl, x2, yl, y2, i, j ; 

float dx,dy,ii,jj; 

xm=trunc ( (xml+xm2) / 2 ) ; 
ym=trunc ( (yml+ym2) /2) ; 
xl=trunc (xml-xm) ; 
yl=trunc (yml-ym) ; 
xl=trunc (xl*sx) ; 
yl=trunc (yl*sy) ; 
xl=trunc (xl+xm) ; 
yl=trunc (yl+ym) ; 
x2=trunc (xm2-xm) ; 
y2=trunc (ym2-ym) ; 
x2=trunc (x2*sx) ; 
y2=trunc (y2*sy) ; 
x2=trunc (x2+xm) ; 


AjlL ^Ha]) jjJ u Jj£ 



y2=trunc (y2+ym) ; 
dx= (1/sx) ; 
dy= (1/sy) ; 
j j=0; 

for (y=yl;y<=y2;y++) 

{ 

ii=0 ; 

for (x=xl ; x<=x2 ; x++) 

{ 


} 


i= (int) i i ; 
j= (int) j j ; 
col=mm[i] [ j ] ; 
if (col==0 ) 

{ 

col— cc [ i ] [j]; 
putpixel (x, y, col ) ; 
} 

ii+= (dx) ; 


j j+= (dy) ; 
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void rotate (int ang) 

{ 

int i, j , ytl, yt2, yt3, yt4, xtl, xt2, xt3, xt4; 

int xl, yl, x2, y2, x3, y3, x4, y4, xO, yO, col, xrn, xrk, yrn, yrk; 

int xm, ym, xn, yn, xk, yk, ms , e3 , e4 , sx, sy, flag; 

int dxl , dx2 , dyl , dy2 ,fll,fl2,sll,sl2,s21,s22,el,e2; 

int xpl , xp2 , ypl , yp2 , d, dl=128 , d2=34 ; 

float co, si, klx, kly, xwk, ywk, a; 

double pi; 



pi=atan (1.0) *4.0; 

for (i— 0 ; i<=90 ; i++) 
val [i] =sin ( ( (float) i*pi) /180 . 0) ; 

xm=xml+5 ; 

ym=trunc ( (yml+ym2) / 2 ) ; 
if (ang > 360) 

ang-= (floor (ang/360) *360) ; 

//if (ang < 0) 

//ang=360-ang; 

if (ang >=0 && ang <= 90) 

{ 

co=val [90-ang] ; 
si=val [ang] ; 

x0=trunc ( (xml-xm) *aspectratio) ; 
y0=yml-ym; 

xl=xm+trunc ( (x0*co-y0*si) /aspectratio) ; 
yl=ym+trunc (x0*si+y0*co) ; 
x0=trunc ( (xm2-xm) *aspectratio) ; 
y0=yml-ym; 

x3=xm+trunc ( (x0*co-y0*si) /aspectratio) ; 
y3=ym+trunc (x0*si+y0*co) ; 
x0=trunc ( (xml-xm) *aspectratio) ; 
y0=ym2-ym; 

x2=xm+trunc ( (x0*co-y0*si) /aspectratio) ; 
y2=ym+trunc (x0*si+y0*co) ; 
x0=trunc ( (xm2-xm) *aspectratio) ; 
y0=ym2-ym; 

x4=xm+trunc ( (x0*co-y0*si) /aspectratio) ; 
y4=ym+trunc (x0*si+y0*co) ; 
ytl=yl ; yt2=y2; yt3=y3; yt4=y4; 

xtl=xl; xt2=x2; xt3=x3; xt4=x4; 
xw=xml ; yw=yml ; xwk=xml ; ywk=yml ; 
xrn=xml; yrn=yml; xrk=xml; yrk=yml; 
yn=ym2 ; xn=xml ; yk=yml ; xk=xm2 ; 
sx=l; sy=l; flag=l; 

} 

else 

if (ang >=91 && ang <= 180) 

{ 

co=val [ang- 90] ; 

si=val [180-ang] ; 

x0=trunc ( (xml-xm) *aspectratio) ; 

y0=yml-ym; 

xl=xm+trunc ( (-x0*co-y0*si) /aspectratio) 
yl=ym+trunc (+x0*si-y0*co) ; 
x0=trunc ( (xm2-xm) *aspectratio) ; 
y0=yml-ym; 

x3=xm+trunc ( (-x0*co-y0*si) /aspectratio) 
y3=ym+trunc (x0*si-y0*co) ; 
x0=trunc ( (xml-xm) *aspectratio) ; 
y0=ym2-ym; 

x2=xm+trunc ( (-x0*co-y0*si) /aspectratio) 
y2=ym+trunc (x0*si-y0*co) ; 
x0=trunc ( (xm2-xm) *aspectratio) ; 



y0=ym2-ym; 

x4=xm+trunc ( (-xO*co-yO*si) /aspectratio) ; 
y4=ym+trunc (xO*si-yO*co) ; 
ytl=y2; yt2=y4; yt3=yl; yt4=y3; 

xtl=x2; xt2=x4; xt3=xl; xt4=x3; 
xw=xml ; yw=ym2 ; xwk=xml ; ywk=ym2 ; 
xrn=xml ; yrn=ym2 ; xrk=xml; yrk=ym2; 
yn=ym2; xn=xm2 ; yk=yml ; xk=xml ; 
sx=l; sy=-l; flag=2; 

} 

else 

if (ang >=181 && ang <= 270) 

{ 

co=val [270-ang] ; 

si=val [ang-180] ; 

x0=trunc ( (xml-xm) ^aspectratio) ; 

y0=yml-ym; 

xl=xm+trunc ( (-x0*co+y0*si) /aspectratio) ; 
yl=ym+trunc (-x0*si-y0*co) ; 
x0=trunc ( (xm2-xm) ^aspectratio) ; 
y0=yml-ym; 

x3=xm+trunc ( (-x0*co+y0*si) /aspectratio) ; 
y3=ym+trunc (-x0*si-y0*co) ; 
x0=trunc ( (xml-xm) ^aspectratio) ; 
y0=ym2-ym; 

x2=xm+trunc ( (-x0*co+y0*si) /aspectratio) ; 
y2=ym+trunc ( -x0*si-y0*co) ; 
x0=trunc ( (xm2-xm) ^aspectratio) ; 
y0=ym2-ym; 

x4=xm+trunc ( (-x0*co+y0*si) /aspectratio) ; 
y4=ym+trunc ( -x0*si-y0*co) ; 
ytl=y4; yt2=y3; yt3=y2; yt4=yl; 
xtl=x4; xt2=x3; xt3=x2; xt4=xl; 
xw=xm2 ; yw=ym2 ; xwk=xm2 ; ywk=ym2 ; 
xrn=xm2; yrn=ym2; xrk=xm2; yrk=ym2; 
yn=yml; xn=xm2 ; yk=ym2; xk=xml; 
sx=— 1 ; sy=-l ; flag=l; 

} 

else 

{ 

co=val [ang-270] ; 

si=val [360-ang] ; 

x0=trunc ( (xml-xm) ^aspectratio) ; 

y0=yml-ym; 

xl=xm+trunc ( (x0*co+y0*si) /aspectratio) 
yl=ym+trunc ( -x0*si+y0*co) ; 
x0=trunc ( (xm2-xm) ^aspectratio) ; 
y0=yml-ym; 

x3=xm+trunc ( (x0*co+y0*si) /aspectratio) 
y3=ym+trunc ( -x0*si+y0*co) ; 
x0=trunc ( (xml-xm) ^aspectratio) ; 
y0=ym2-ym; 

x2=xm+trunc ( (x0*co+y0*si) /aspectratio) 
y2=ym+trunc ( -x0*si+y0*co) ; 
x0=trunc ( (xm2-xm) ^aspectratio) ; 
y0=ym2-ym; 

x4=xm+trunc ( (x0*co+y0*si) /aspectratio) 



y4=ym+trunc (-xO*si+yO*co) ; 
ytl=y3 ; yt2=yl; yt3=y4; yt4=y2; 
xtl=x3; xt2=xl; xt3=x4; xt4=x2; 
xw=xm2 ; yw=yml ; xwk=xm2 ; ywk=yml ; 
xrn=xm2; yrn=yml ; xrk=xm2; yrk=yml ; 
yn=yml ; xn=xml ; yk=ym2 ; xk=xm2; 
sx=— 1 ; sy=l; flag=2; 

} 

if (ang==90 | | ang==180 | | ang==270 | | ang==3 60 ) 

{ 

xpl=xt2; ypl=yt2; xp2=xtl; yp2=ytl; 

} ^ ^ 

else 

{ 

xpl=xtl; ypl=ytl; xp2=xtl; yp2-ytl; 

} 

dxl = abs (xt2 - xtl) ; 
dyl = abs (yt2 - ytl) ; 
sll= sign (xt2-xtl ) ; 
s21= sign (yt2-ytl ) ; 
if (dyl > dxl) 

{ 

ms = dxl; 
dxl = dyl; 
dyl = ms; 
fll = 1; 

} 

else 

fll = 0; 

el = 2 * dyl - dxl; 
e 3 = el; 

dx2 = abs (xt3 - xtl); 
dy2 = abs (yt3 - ytl); 
sl2= sign (xt3-xtl) ; 
s22= sign (yt3-ytl) ; 
if (dy2 > dx2) 

{ 

ms = dx2 ; 
dx2 = dy2 ; 
dy2 = ms; 
f 12 = 1; 

} 

else 

f 12 = 0; 

e2 = 2 * dy2 - dx2; 
e4 =e2 ; 
if ( f lag==l ) 

{ 

kly= (float) d2/dxl; 
klx= (float) dl/dx2 ; 

} 

else 

{ 

kly= (float) dl/dxl; 
klx= (float) d2/dx2 ; 



kly= (float) kly*sy; 
klx= (float) klx*sx; 

for (y=ypl ; y<yt4-l ; y++) 

{ 

while (ypl==y II yp2==y) 

{ 

robektl (xpl , xp2 , xrn, yrn, xrk, yrk, ang, yt2 ) ; 
if (ypl==y) 

{ 

if (y<yt2) 

{ 

if (flag==l) 

{ 

yw=yw+kly ; 
yrn= (int ) yw; 
xrn=xn; 

} 

else 

{ 

xw=xw+klx; 
xrn= (int) xw; 
yrn=yn; 

} 

while ( el >= 0) 

{ 

if (fll==l) 
xpl = xpl + sll; 
else 

ypl = ypl + s21; 
el = el - 2 * dxl; 

} 

if (fll== 1) 

ypl= ypl + s21; 
else 

xpl = xpl + sll; 
el=el+2^ dyl; 

} 

if ( (y>=yt2&&y<=yt4 ) && (y<=dx2+yt2) ) 

{ 

if ( f lag==l ) 

{ 

xw=xw+klx; 
xrn= (int) xw; 
yrn=yn; 

} 

else 

{ 

yw=yw+kly; 
yrn= (int) yw; 
xrn=xn; 

} 

while ( e4 >= 0) 

{ 

if ( f 12==1 ) 

xpl = xpl + sl2; 
else 

ypl = ypl + s22; 



e4=e4-2* dx2; 

} 

if (£12== 1) 

yp 1 = yp 1 + s 2 2 ; 

else 

xp 1 = xp 1 + s 1 2 ; 
e4=e4+2* dy2; 


if (yp2==y) 

{ 

if (y<yt3) 

{ 

if ( f lag==l ) 

{ 

xwk=xwk+klx; 
xrk= ( int ) xwk; 
yrk=yk; 

} 

else 

{ 

ywk=ywk+kly ; 
yrk= (int) ywk; 
xrk=xk; 

} 

while ( e2 >= 0) 

{ 

if (fl2==l) 
xp2 = xp2 + sl2; 
else 

yp2 = yp2 + s22; 
e2 = e2 - 2 * dx2; 

} 

if ( f 12== 1) 

yp2 = yp2 + s22; 
else 

xp2 = xp2 + sl2; 
e2 = e2 + 2 * dy2; 

} 

if (y>=yt3&&y<=yt4 ) 

{ 

if ( f lag==l ) 

{ 

ywk=ywk+kly; 
yrk= (int) ywk; 
xrk=xk; 

} 

else 

{ 

xwk=xwk+klx; 
xrk= (int) xwk; 
yrk=yk; 

} 

while ( e3 >= 0) 

{ 

if (fll==l) 

xp2 = xp2 + sll; 



else 


yp2 = yp2 + s21; 
e3 = e3 - 2 * dxl; 

} 

if (fll== 1) 

yp2 = yp2 + s21; 
else 

xp2 = xp2 + sll; 
e3=e3+2* dyl; 
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W y' A = [x y z] 


cos# 0 - sin # 


0 1 

sin # 0 


0 

COS# 


= [a 3 / z] R u = [x y z\R, 


ZX ■ 


.Euler Mg j ls^ jgU^ll g' Mg j 




jlig*Jk]| ' ^j^Ja (JjJaal gjjjjj] g£l 4 


-& 


g> jj4l^ (3^4 <y c£4 0 jj gt jj^Ji 

• 4_sjU31<J1 


cos(-#) = cos# 

$in(— (?) = - sin # 


O^A 


R _I (Jiill gA (jjj x> gL ^gLuj UjU 4^1 ^ g-a ^JaUlic-Vl glgg.^11 ^1) i^A 


c. qu^ii g-J u] 
t A a A 



JSilt 


^ 3x .. , 

A_laJ^^. ^A ; AijAx-a^ajl (jL<ix!LkJj ^jl V (dbuVl ^3 Ll-^]I l _ la> no\l .^jui^jl L_L^juo]| 

P = \x yz\ . , 

^ (jAji ’— <iakj f_gi _ ■ ^ ■"'! JjjjlajJ ^Jaa^JI (jc. Ijjj^S (J^*j (jl il±a_i (jaj .i—JjjiL 
^uJali] li! ^ a ui l ( 2 Aujliill A « jflll oAjc- j ci^ \\/ ^ujl^ILall ^uiLoll , jLxj V 1 ■%.'i^\l r 1 . >»q\' 

4x4 

A ‘ aII i <zt\ *>■ (J^ UiJ ( I " ^ kj&J. ^ a] 1 (jLaXAuAj (_1 ^_lu]1 


T = 


10 0 0 

0 10 0 

0 0 10 

t* ty 1 


— [# + tjc y + tp Z + tg 1] 


ajaiill J] 


A = [x y z 1] 


A lakill 



I (b ^A_il^al fi jj^a (a 


C++ 4^* ij^Jl 4*L c-i^uj j j$ 


void 

{ 

int 


translate (int dx, int dy) 

iif j j f col; 
xml+=dx; 
yml+=dy; 
xm2+=dx; 
ym2+=dy; 

for (y=yml ; y<=ym2 ; y++) 

{ 

j j=y-yml; 

for (x=xml ; x<xm2 ; x++) 

{ 

ii=x-xml ; 
col=mm [ii] [ j j ] ; 
if (col==0 ) 

{ 

col— cc [ii] [ j j ] ; 
putpixel (x, y, col) ; 
} 




1 -JA < till (JJi jSjla 


tx, t v , t z 

4 4jjQi t . i'\l c.l_i_lV 


T -i - 


10 0 0 
0 10 0 

0 0 10 

— t* I® ~t% 1 


1.1 Vq\I^j ij4*i J -5 4_lialjjC.j AjjIj A-Laij (jV^ (J ~' Jj*' a 1 

F ~ [x f y f zf] 

• 4 t " j\ 4 ^ 0 * ^ rt\l L_u£^)j 


0 0 
0 0 
1 0 
-Zf 1 


J* 0 0 0 

0 By 0 0 

0 0 $ s 0 

0 0 0 1 


10 0 0 
0 10 0 
0 0 10 
Zf yf Zf l 


Bx 0 0 0 

0 S V 0 0 

0 0 B z 0 

Zf{^-~ ^*) Vffi — Zf(l — Bz) 1 




Azyz 1 ] 

A ]aaj !i3 


[s' j/Vl] _ \xyz 1] 


S X 0 0 0 

0 By 0 0 

0 0 b s 0 

Zf(l- Bx) y f {l-B v ) 2/(1 - B z ) 1 


[#$je + s/(l - ^*) y&y + VfiX -5 n) Z8g + Zf{ 1 s?) 1] 



tf' 

If' 


(JjA. (jU Jjgj J ASJ^)laJ 


A_JJ jl.la 


R — \x T gf r ] 


= % r + (%-% r )cc&$- (y-y r )&n$ 
= tfr + (y - y r )ooa 9 + (x - x r )mn$ 


( ^ 1 \ 4 jjVI 


(JLlqjI (Jjjjuj c^ c ') (_)^3 Cy* ^Iju£)jj ^! S*1xJq A^JUuaII Cjl^nJaj 

4 — ^jLjuijVI U? ^Llaill ^3 ^ Cli I JLu 3 _ll I ^ ^ ^ ^^ajl t^)"s \1 ^ 3 ^a^oSl Ijl ^ <( ^C.l_u-^]l ^jjaJJ^JI 

^Jkll ^j -<4 AjIaaII *iLg a-ijUj CjIjUV! 

JU&. (j£judJ e\A (JjjJ ^iLoijVl {£^y^A\ ^Usall • 

Ajc. j^J A_Jjuu11j ^LuijVI iS^ Ajc. J c. jjJa j-a £l^>^.] V • 

/’^JllLa” ^Ludj) L_i 3 lj-G ^-jjV • 

.(J?^ 1, ^aUaill ^jC. A ^\i ^jjU^aill (j>»Q. j 1 ^ x jo^JI Cli^J tljlA ^j -<4 ^ic. 


Ao^Luu^ 

A^U^JI A qlVi^jl (jL Uc.^ ^^gjLoijyi ^Uaill AjjujLud^. C 

# dj ljIj 1 \(X) = Iq (jlj Uc.^ .l(^) _J Si]aC«^JI A-^> J . jb aJI^I Aitii^ LgJ 


A^j^jl Jjia A-ujjLua^. 


(j-a ^jJal ^11 (j-a # X 1 A-^jJaj-a ff ^Hlo L_l3l^)>4 M (J tA jqjX*i\i AjjujLud^Jl t \ _1 A_Sl^l Ajuj jjul^a!! Ailj£]| 

^gJlxj <*&! .lSjs u' 690-430 L — <J^ cl)^ Ajc- ajj^II j j.^ q\ ^juj^) 1 I 

A^»U£ 3 ! ^ajJ ^)j£l J£o 1 j ^JOJ jIijuJ L)' cr^*^ ^ jJ! 6 jj^aJS 6 ^-UaC- Aic. ULuo£ j ” AjU£ ^3 

# .^wll dll^. ,^ a]| (J| (_^ jLoul 



gjJLuJVI c_jS| j-aIS a jQjUW Ao^Lu^J! :11 ^uu ij]| 

jgialAll A-jjujLuo^ 


y n ^ jA (_)xall 4Jli^. L_LJ^)££jj 4 Aj 1^ dijlidllj ^Ajusj /q (^* ^Jaj^jjl ) A!Ll!i]| A31 j£JI lil 

iWeber-Fechnergjj^^jj*^ '^> 

* = MO 

(^ 9 ^a 1 I) ^ jJajoill ^jlj <- - 2 la! J 4 ? A/? = /C 4 ^^Jaj^iJI ^jl Ja^. 2 ^U . 4 - 1 ^ juj a^A 

• 3-b 12 is^ ^ I^A .IpcA >/ii Ju^ 3 

D^b^JI (j£l (b 12 j) <« ^A(Jl ^jJauaill ^ AjJa^jl 6^b^]l J^Q$ 3 12 ^ ^^-Sc-Vl <^3^1 -^4jl 

l OaJI ^ jJauaill ^ 4*J S^L^) ^ )gg 3. 12 fey* Jl^ ^a^VI -laqkjl .^jl^JI ^ jlajoill 4 jAn^)lc. 



4 (- £^j-aC. laJjj^ LP JJC. dulj ^gJt-lfiall £> jlajuJl (jl ^ ^C.j3b .3 12 fe** J)jl ^ ^jJal j M3Ch u] 

SjJitl-a tljl^A .6 jla^]l 4iU. UjUj^a jiisu j ^jiajoill (Ja M LlxJl M j "Lilli J j*laJl ” ^jLaijVl tiljLi 

4 qjqJo S^L^) £ jl^All ^Ixj .4 jqjq^\l 4 j» jjJoll 4 x>jq\l ^a ^j^Us^JL jloxull c. <ajq)n ^jL^aaj t£ jloAll 

4iU. 4 _JUJ jjuO^aII 44 jl^XllI 46^L^ll (j-G .1^1 J A-l^ll ^)jjLll (j) .4-jjj^aJI 4 ja> jjlill 4 x>jq\l £a gj^tl^lL jloiuilj 

^Jajulll (j-G 

AjjtLal) JJ ijll! 4-juil.uA 


Aili 4(a 13 ^ jli) <^1*11 ^ j^i (sinusoidal) C 5 ^ l 0 AiLli AaLili lij 

.b 13 ^}jl In 1 4 'SjVill (jl # 4_ijl£^]| Ajjgjl 



(cyclesldegree) 



A-uii^jl jj j^Ji AjujILa jLla! b 4 a 13 


. jlajjjjuj 50 M L_3 jjujla. -LujUjj Jaj^)jud]| djULnll 6 

50 ji 11 ( .b 13 ^ j5l ) .5^ (3^ h'jj j 10 ^ gk ls^ 3 ^ ^gJax-Loj (_£,1]| 

^ i 1 1 jll Jjll I^£a # l_j i^jujL^II AjujIojj ( ^Ac. ^) 1 a 50 tan(1 deg . ) = 0.87 Jj Jj=^ 

Sju^aji Jj li* 4 - 4 . jii ,4 a jkjli 2 iW] Aidl l j uni„ / s jj^ f max =io cycles/0.87 cm = 11 .46 

JaxJ 4Jalc^jl 


/«* = 


10 

^•tnn(l°) 


572,9 


cycles / cwi 

> CjI jla-nlulll 1 £jjjta^3l ^laill 4iLaua = d d 


(j^jl 4 ,iuiLua 


^Ic. ■ I 11 a jj. ^ (jj^i] ^gJt^ldall ^ q\l (j] Jai3 liA ^jl Cj^ . Vte a ^ jjJa^a ^)juU^ <^4C. 

.^jAaJl Aj£jjuj Cj^IaII (jjlll Cjlauj^a 

CIE (Commission d*c > cjjLj ^ijSl 4 <ajL jjili - (j^iieJi ^ 

cjSIjaII V^uji <i*3Ji ) Internationale de TEclairage) 

Q*ek\ x^aloj (j-ajL^aa* duuj' oAA .14 ^ ^jJa Jg fiAA # A’ ( A )- yf /. ). 3 lid Z(yl) M CjlsUj^al5 

(JLjULu]) £ja difliuj] <JjojUjdaJl (JjjI jSI <j£I m 4 un\jq\l M 4_ijLaijVI 4_ilxill <xJj^all 

*( A 

.<^U1I <» . 4 util * 14 

J j,^)] 1 6 /(x) SDaC-^II (OjBI ) (J _>^a 4 ida j£ Ailj£ LgJ cl) - ® ^ J ^ J^j 4 ^nt 'sl/a Aljal^] 

; ^ j 3 ^ g-AjJjj 

CO CO * 

A' = J I{A}x{A)dX Y = | /(>i)v(>iy>i 2 = J /(A)z(A)c/A 

o o o 

CIE Cy* Ajjjllt cjLulJ^V) 

;di . A dlLo^Le-o t a. icjj A_ij i^ill . " \\y\ 


X = 


X 


X + Y + Z 


y= 


Y 


X + Y + Z 


z = l-(x-ty) 


lj£Aj /(x) Aj)-iX dll ^j 3 ijj _y (Jj 3 jj-a j>>>xVl (jjlll ^l^lj x J^=Vl (jj^l <j] 

j^Jaj /^jjl c /(x) 4(j_jill dlsu jjj 3£ _ |x ,y j dljjlAa.yi (^3 (jjlll i. jl »u^» ^ d-iaS 4aU-.^ll <jlj£]| dLajl»-a 

.XljUl dbiilA^J aJ AjX.- 1 11 >1 *.. 1 1^4 t_>d Jl L_iil^^J] 

(J£di ^j£d A3l!i£il (jli cJ^^) 1 ^dlid j\. l^J^»V.)l I j| 

!{K) = d{\ - \ 0 ) 

CIE Cy* dJiLd 0 ^ dijlidJ jiuj ^131 [x ,y }clL^ 4 x. j£ d(*) ^ 

.15 ^ ' jll (j^j 



ijlil CaHail j Aj^lL/a <jl Calla CIE £)^t *15 

.CRTv 

d <Llj jll! CIAjjIa^VI (jj /** a]!La]| (Jdlc (_£^)dVI U^ (J^ Cl lllLa CjC^ (J^Ja ^lc> A-lillal! (jl ^V 1 

# 6 ^ 3 ^) <J j,A^Jl St-lax^ A-LujUal! ^pL^a-all 


Y 

X 

^)d^axAl 

0.37 

0.35 

4800 deg . K 6 (uj^) Aj-a11I 

0.33 

0.32 

6000 deg . K 6(jauul3l 

0.32 

0.68 

jSl\ 

0.60 

0.28 

^ jJ-<dt£Al £A dlj^ll ClAll^J^ ^jjJadVl 

0.07 

0.15 

(dlljl! CjIjjjj^ JjjjVI jjijujjAll 


jjL^aU Aoj^UI cjUjIj^VI :6 Jj^ 


Jalld (JIaxILujI # Ljaj| L_ll£Cj(jjl 4 j Vfl j 1 jj <j£3 (jjlll (JjWj 1 Ja93 ^cajluj V Ad jlll CjIjjI^.V 1 (JjAjujI ^^Sc. (jjlll C_d*a j 

c j£oJ V Idl LaJ # Ad ^ill (Jj^ajJ JaLlI (J ^ 3 a ^Ac- <jl (j-a (_£ 1 dl jjl (JdL^a 4 (j^] 

(jjlll jd (JIaxILujI # A_ljLag] (jjSj (jl ci_iaJ JalaJl dj^^Lat*.* ^xj cdlU jJ jk 11 <j-a idli <jl 

dllLa” (JdlduSfl^)C«^Al <jl A.C . jxinxi ^Jj CRT CjldLuj £A Aj^jLuj ^ ill (jjjVl j 6^)jJadVl (JlLa 

. 15 ^-joi^IIj ^-da j-<AI M 

(j* <^ 3 *^ Aj. u£» JIj (R,G,B) 6 JJ$- 2 ia 1 I CRT J) (X Y,Z) < 9 ? 6 ? (* 4 ^' 


'R 


' 1.9107 

- 0.5326 

- 0 , 2883 ' 


~X~ 

G 

= 

- 0,9843 

1,9984 

- 0,0283 

* 

Y 

_B_ 


_ 0.0583 

- 0,1185 

0.8986 _ 


Z_ 


'X 


' 0,6067 0.1736 0 . 2001 ' 


'R' 

Y 

= 

0,2988 05868 0,1143 

■ 

G 

_Z_ 


0,0000 0,0661 1,1149 


B 


s-ibad u' /“?, G, B ( 4 ? 6 15 ^ j j 5 l ^ jjLuijall dJLi Jdb (X, Y,Z) ujl)' £$>* bJLL 

(J£ju1j ^cliLoj (15 ^3^) jll! bU-v^\l (_^l ^-3 Qj* Aa-I^] u' (j^l^psl £_5-bbtjl U^ • fiUax^il 

\(U\ V *) S'biaB bj ^)3 4 j.^ldil a 3 A <jl L— Da. (J^-dj J^li ou ^j^lll s-Lda^jl (j^ill ^)JJ*‘l c > n »LiLa 

4 x a 9 v 


H P = 


v f =. 


and 


x = ■ 


- 2 * + 12 j + 3 
9u' 

6 m p - 16 v p h -12 


y = ■ 


- 2 * + I 2 j + 3 
4 v p 

6 m"- 16 v p +12 


^Ljaill <j >4 <juo jjuo^JI <jl jlVI <^3 d jjuj 3 a. Jc. diljAiij ^cIuj (’u’ ? y) <j-a <jldo ^$\ ^3 LdjSj jaJjuull jAiilill 

* . ^ 

(jj*s >\\ I £jid]| 

3j 3£ <jl ^j£dj fi3A <juj3j^_ll ^3 ^j^da 4D^lc.| ^j^)jud]| ^^LudVI (_£^)j^a2l ^1 )Vill c, Qx^a j ^jj 

A ^ IViV 1 (JdiaD dll-dd ^Usull A Wn ^IauiII ^jLuDVI (j?^*aA\ ^Usull A_i3d A3^)ju<a dl j& ^jU ^lllLuj^j 

^3 A-la^jb A y 1V1 ^j^dLuj Idb 6^)laj ^jb ^da^<£ 6 16 ^joj^) 1I ^)iaul 1 ^JjLaJ! (j-a JaJjuD (Jib 

/a^Jl^JI AjIdxJIj (J-axLjjj <jl Ja33 4 lap ^bldll d 3A (Jb > laJjamli 


£ldaJI :16 I 

(3^1i ^Ld 3]| jmMl (jjoLaia.1 cilliA 4 lb (j-a Asul /a3 j-g ^jjc. IgJl ^b^ll <b^)xj 1 a nj (jjjdl Aj3b^)]| ^abll J 

.(jdxJl dll£_ja. ^Jl AjjudIId tLiJ^a, 

CjU 4 jjljaJl 

Aju^I ^Jj k n Vi ^ji dj\ j \ >a » \l o3A ^jj^all AaJl*_^j AjjujLujVi Clll jb» \l (jjjsli ^jjuj (jaJ ^ajuakll I3A ^3 

;c_fll u^nl 

t^gjl 6^)jj^all Wqx>ix> JaJaa.^ ^ic. o^Vuu^ dll j\x>C- • 

lA l^ Uujll d)LljJalj^)ll ^glc. fidlaui C^ll jUc. • 

4^-1 jjiy I ^ c . SdlaLA dll j be. • 

>L 5 jJaU^)ll L_fljj^ll ^ 1 c. ^glc. odlaui C^lljbe. • 

jl 4A_ila-xi djl^lAC. 4 A lV<\jjl c. dll ^LajtS qjj]o‘i A-iaU c Ida jJ ^jl Idajl dlljb* 11 o3A L(^a£* l (J^dj 

< ^jdj ^juo 3 ^3 C dd AjljujI^ ( ^ be. 


Sjj-uall lalma SilLu^lCjULogJI 


4 q Ja *1 a Wq x >i a JaJadA jl ^jLx^a^Vi ojjj^qJI Jal * >i a JaJadA ^*_a (J^ljtlill ^ic. AlLai^ajl A-lakill dliLaC- (jA ^ ^ < 

.^libujl 4 ^jj^sja 4_}aAI jj£VI 4JjaVI (jl < ^gjl x.o~\l 


&jll\ JjSjJ j^*4)l 

o^lilujl liil >. jjj V 4 _^jU]| jJajoill ^aJ 3 (jl L " ? La 4 ^JjlaJ LiJjjJa op jjLa ojjx^l (jj£j 6 (jLl^VI (jA C 5 ^ 

*WjJajAll ^ jJajoill ^aJ 3 (jA ^jU-sSl^VI -laLaiAl! JoJoXa 4 -]jg juaJ (jl (jf^AJ l^& . j 3 jJa]| ( 3 ^L ^aUj^l (_£Aa]| (jA 

I jl . 4 .SUJI oJlA -^JJ ^a jjj UjU j 3 jJaII ( 3 ^ 1 j ^Uj^II (_£* 1 a 1 I ^gic. ^U^VI JalLujVI JajutijJ .7 ^ 3 j ^juijll ^ 

Q A^aiall ^Jl d^jl jl^ % 0 (j^AJ IajaC- 4 _jl^ i 2 B -^ ^ J^aj^JI ^Jl Q ^ jJaj^jl (jA (JaHi o^)j t^ll 

; 4 _l]td]| A jMx,o\lj ^Jojla ^J^IaII (Jjj^li]| (jl , 2^“1 ^ ^J Q H ^1 (^^Ic-Vl *l^jl jl) % 100 4 -a^j 

*„,,„] = ( 2 s - 1), o|«."|-">immum 

■‘ m a xi mum - m mini um 

4 _JjujLul^. JaVI A X > 1.1 ’ill .^aJud^Jl £jlk 4 jl 3 | jll Jaliill ^Jl A nn’lllj IjL^. £JjjLul^. (jj^Lj (jl (j^AJ 6 (jl_^ 4 _il ^lc« 4 4 it u«o\l O^A 

;4_ilt!i]| A 3Mx«oIIj A jli* a 4_iajaC> jj£V Ij 


6[m,?i] 


(2 B -l) 


0 


a[m,nj - p i(/w % 

/W % "^ % 


(2*-l) 


a[m,ri]< p k 


/W %<a K n l</W % 


a[m,n] > ^ M£ll % 


100 j % 0 (ly?y± Jt- ‘ Phigh% J Plow% % 99 j % 1 ^ ^ 

(JI^jUjujU 4 jq ] q1_Lq ^jI-^lJI ^1^1 4 \\aC- (jjjJoM I v>ijl (Jx>1^^jl (jxa # A^jLudll 4 _S^Isla]| olla*_A]| ^J^jl % 

^a^I (_}a1^-qJI (j>4 4 J^Ix_a 1I ^ (jl 4 ^4.1^ j^)l 4 ^j^Ia 1I ^ j>^^l 4^1aiA (jA ^jL^a^VI JaLuj^a]| 

£^l-6-^l <Ia^]l ^jia joj JjJAJ ^^ixJ liA .0 <= ib[/T? 5 A?] <= 1 <Jj "Ual-^ ^jiajuJl c5^a J 2 B "1 

4_1^_joj 4_AaxJI j ^ux'l 4 -J jjujL^JI <c.jjuj (j£3 iA ^ j|^c-l (jA 4 jqjq-\ 


5IjLuu-a]| 


(jl V jl j)A i ^^\y\\ 4_i^,^)LiJ! 4_mll^ ^al jlll (Jja i 4 n» x> o^c-lfl ^)jjl^]I (jA ^>^1 jl (j^^jjl 4J^)19 a ^jj LdAic. 

(jj£j (jl (j^-AJ 4 _i1axJI o^A # ^^^)I_1*_a]|^ ^jujU^]I ^jL^a^VI JalLoaVI a ^Jl j^jL^a^V! ^iJalLujI L— ll Inlr^^a (JAsu 

(jl C > l^kj 6 ^^l J^l SUl >^>a ^jc.6(JljA]| (JjifwJ (_gl C 4 qVi^s a\I L_flj^lall ^jjjk^all (Jl^^l Ia^JC- L^a jt/i'S o^liflA 
(Jj^di 4_uflj (jl # ^4 ^\l * a3I j 4j j^s a\I ^jjjb^all (J£l 4 jjLul1a (jj£j] (jia^)*Jl X (J ^all 4 \^,^a\I ^jj^all (JjjJjIsa 

^gjl Jndi^JI ^)JJ»*1 (J Ijl^j C* % m ^jL^a^VI J^juoa]! a ol jLuoa Ic. jd ^J^Vl ^jU-^x^VI W^hiaII lilies a 

(Jjlij I^A ^ ^Jajudll ^aJ3 (J£l dulj jmj (_^4)l ^jL^a^.1 JalLajj a ^Jl <11^11 (JUixJjujI (J^ld (jA 

o^A L_J^)30(j (jl (j^^ (j^*j c4 jJol n&l o^)jj^al cln^JI p jja] # pl jja Jia. (_g-]c. 4 \a1^ a ^s]I (Ja c>% \}^ ^ jJaj^ajl 

o' a ■’ *4]'4JI j JIa^VI 4jlja 4 qjh j 6( - ^,J^]| (JIaI^VI 4jlja 4 qjl-i j (j^j 4i2>lx]| ■' M 4AjajljA M 4 JI 4 ] 

•4_JU1I A* n«ollj 


p b {b)db = p t {a)da => df = pM )f a 

Ph( b ) 


JalLuaVl laJa^a dIjLuia] # d ' /dct> = 0 J aAAI ■' ^jU ^jlj (_$^y ^j-a 

:g 2 Ull ^ j ( Pb{b) = Ca ^) ^iy 


f(a) = {2 B - l)-P(a) 


£J^jJ 6(_£^}a.! 4 xiKj ^ 7 ^3^)11 is^ dj I^) jjuOj ^)^.l ^jui 3 ^11 (jUaiaVl <Ul^ P(^£i) (j^ 

^)jj^a]| < ^jl JalLuj^l Jala^^a SIjLuia] L-SjUa-all S^Lu^all (Jjda 2^“1 ^] 0 (j - * 1 ^list-all AlmJall (jLaiaVl 

^j£JLj dIjLol^JI s-l^jaJ .^LluAjS C- ^jl VI JalLoiVi JaJaa^a SljLus-aj S^LudVl ^IdLal ^da^J 22 

# 4 jqlnlLa D^C-la ^C. (jjlij (jl Ldajl 



ialAuiVI Jalaps SIjLuj^ q <, SjLiVI ijj jjUu 1i< *n J) c4jL^V 1 Sjj^/all a 22 


^plua^l la&^ma l^U <-5 Ul (jj^£\ djLiLaaJl 

A djl-ad^all ^ 4 ] (2 A *2^g ^ ^jl (j^JaJ 4 j\^<a <aJaLa (> j-a Jjldi^]| ^jL^aaVl JaLai^ll Jalaa^a 

<jua3LLa ^JJjoi >( ^j^a3l ^Jjuj^)J j tJajuj jlLa t dk djLadi^a 4_llLaVl (jJadalij > <aJal < a]| dlli 

# djladj^allj L_)l2l ^3 (Jj^afl-a (J^ dn djt di^all 


Ljlxualj^JI ( jl^ SilL^lCjUl^gJl 

AjjUj djLLaC. • 

l_jl xu^kjl \ g k uLxjjI djluLaC. • 

<UlaJl ^k .”1 ” M 0 M ^ jIsjuj tlaj3 dlU& AjjUSII <UlaJl ^k >(- £3lxJl c_jLudaJl j ^jUjII L_jLudaJl fjii ^Asl\ ld& ^k jiaj 

# <U jg mj djLjlluball (ifi u ^ 3 ^ W » a 4 )^ tdjUjJjoba jl 2 ^ ^ ^Jajuj Idlj Aj^IxJI 

^j^ijqlU A W^l ^ ^Jajudl <j La 32 16 ^ J^ 3 ^dalajVl L-DjuJI 

4 1 it nil ljUIaxJ) 


<Jj 3 CjI j 2 4 x.j-aa-a 3 S^C-Ull ^Lata. <J£joi jl J Jj 2 ^ (^lal^jl^ A-ijUSlI Jc. S.Vnui^a lIjLAaC. 

^ajaiJ j A Jo'^l djULaC- !>lijaj| 4_a-da djULaxJl (j) L_fl^)j^a ^alc. (^g^-3 cLlA (jfakT 1m 

AjjujLujVI As* j-aa-All ^jujUa]! <C« j^a>^> (j] A Joj^^jjl o^ALul^jl (J jlda, dl]j £ja*>s\ ^j-a djl qjjliMl A \f \ ?(jj 1 

;AJU 3 I a A_ij\_j!lS\ djlAixil 



NOT c=a 

OR c=a+b 

AND c-o*b 

XOR c = aA*b = a*h+a*b 

SUB c = a\b = a-b = a*b 


\A il^r. t .cjliall (Jjiui ^_lc- A b&jj A-iaij ^Ic. ^aJJ 4_liniaj 4_lL<i£. A 4 a jjjll 


AND 

a 

b 

0 1 

0 

1 

0 0 
0 1 



SUB 

a 

b 

0 1 

0 

1 

0 0 
1 0 


f > „ 

"0" d J ^3 Cll^jgJal ”2” 4 jj\ V' il 4 _aj 3]I ^jl ‘ jja 23 <^3 S^aJaj^ 


a) Im age a b) Image b 



c) NOT (£>) = b d) OR(a,£>) = a + 

be 



e) AND(a,fc>) = a* b 
SUB(a,jfc>) = a\t®1) XOR(a,b) = a 



.4 i\*L Ml 4 j it nil AJaiUl CjLlaP Ailal ;23 ^ jJl 






Jiia (J£juij U dijj <jll Jd&VI 4.aia.b ft S^jjj^all (JlLoJ Ladle- Idi. SdiLa jj^J jl j£*oJ SUB(*) ^ jbc. 

^<alaLall j>j t<^.j Ja^jjl dilj t jVI jJLl jl j^Jb cU^jgJfiiLj ^aJ 6<j]| ^ 1 m'sVI (jLb {} 5 jjj^allj 


L_jLuo^]I 1^-ujIuj| t *M j t aC. 


; jJbJajjj 4_pt*Jl CjLidatjJI Jc. ^bLajVb A Jl x a\ d^c.I£1I (J£ju>j ^jll ( jjll) 4_p^JI 4 xjl <laaj djULaC. 


Operation 

Definition 

preferred data type 

ADD 

c = a + b 

integer 

SUB 

c = a - b 

integer 

MUL 

c = a * b 

integer or floating point 

DIV 

c = a/b 

floating point 

LOG 

c = log(a) 

floating point 

EXP 

c = exp(a) 

floating point 

SQRT 

c = sqrt(a) 

floating point 

TRIG. 

c = sin/cos/tan(a) 

floating point 

INVERT 

c = (2 b - 1) - a 

integer 


AjJUJI cbUJaLjl <jjuluil Jc* CjUlaxil 8 Jj*^ 

f I JJVI 1 ^-ujLujI CjLAa£- 


A ^qIA. £ 

JtUI JL^I J *1 J! • 

3^ jill (JL^i $.1 jlill • 


jl # 4jjd^Jl ^jj^all A y llx a Jl AjjouIIj ££ nan JLuj ^juo 3 <bfl^)cjl AjjJaLjl 4 jl^xill 4 _i1a*JI 6^.1 jlilVI 

D^cjUll A_la^]l 4_xij3 j! .ajj^ll ^)JC. Uj jjJa abb \jg (J^&Jl J *6^ (J *ijj\ 1 S^U jL 4_1 xjAjoiVI S^)£bl 

j-a 4 ]pq *1 (JSl Jj (j^aj^a^JI ^ jliall^ ^jui^JI ^A jl jjV! CllI^ jxu>> jxa 4 I'v'ull Jataill jl jjl 
lit ;4 _LI*_a3I Jc. JU3I t^^UkVl Jl S Ju J ^Jj li& # £ I JVI j ^ $1 jj ^c-is I^jIjjL SiaUll jl .l^oiij SiaUll 
<4ial«ll ^\^1xjL 4ili ‘{/=0,1 ,..., J-1 ; /c=0,1 ,...,/C-1 } ( Mjkn^ l) h [j ,k ] £^JJI 

; Jtdll ^ ^ C t \'\ < \) jl j£jb £.1 jlilVI 

J-1 K-l 

c[m 3 w] = a[n^n] ® /(w/, «] = S S /? l >» * M« - J\ " - * ] 

o /-0 t-0 

6(^3^C.I (J^juIj # ^ja^]l ^jj^all Dd^. jxi D^Ujll^ d^juj jl (Jibal J ^jajj jl j^b <1^1 *_a]| dIa 

(j!>Lk j>4 jjJo’i jl j^b A_i1axJI jU ^ jH J j 4 4 jb* \l Ajj^aL^JI ^jjj<aj 4_1^1 x_a]| I ^ nj <J jlll j^J 

.^IAjuiI djUjoJI j>4 (J£ j6A_i^,^L^. 4 jbc. (Jl^o (JL&*-luil 


ajli jj^I] SjUjjl Jl a (x ,y ) ^ j»jj^I ojLujyi j-b 4 qVi^sx>\l ^ja^all jAdj 4 x>)o 'll ( J 

4 _ic.^all ^}Vi\| j>4 (J£ (JuIj hill Ha # ^jjj[jja^JI ^Uaj (j^ad AjL^ILujI ^<4 ^11 S^LujVI 41 jl) q (^x ,y) 

jb ^Us^jl (^/_5/) jJJ*^ c** ijU^I iA jm*! jl j^b A a ]\ "i V I jxi (J£ 131 # JU^)^]I Jl 4^U-ia Vb ijgj jl^]I 

;C1l^j 4 -ilax a i j^l di*\^jl 6 jLdUaill jl^J (_y ajl )>^-> J s\l L_flJ^)lsu jl J!!)L<4 &] J^VI 


If — s* Cj and ci 2 — * c. 

Then w t ♦ «, + w 2 • a 2 — » w t • c\ + • <? 2 


_ A \ !-» A. 


If a(x f y) -> c(jc,jO 

TVj ^ n a^x — x c . , y — y g ) — > <^x—x 0 ,y—yfj_ invariance 


ciL^lail <LUoa1I ciAjjI^VI yoj xoj a j ^ y r - j S-vi» ^ cl ul jj w 2j w 1 J 


.A laklll d* 1 A /jl ^ 

Jt- ^)L*a t ^Ja*J 4 (_)^Aa]| ^ ic> (jl C_L 12 ^J M ^ J/|/y z= J/l/^ = 0 ^ ^ A-llc. A_Ja^]l (J^J tVjl • 

CIjVVI ^ 1 CA (JlLd J CjIjLSi] (jl aLIx-a]| Aia^jl 

cJaa2l ^jjuo^J '(J^lllall] aAjU ClboLll &\ 4_2k_n3 A_^.j J^*') Ic^A j ^Uaj ^ulj CIloiaI 

<sj jjjUII I^A ^J"s j^aJ (J^juJI 

\ AliLiil cSjjIj i** ^ n ^ "| x ^cc. La tjVl c Aj^-^jl ciAjuj.^JI cA_ijLi]| • 

jjjjji <ix^aUk c nun c (x y ) 6 ^jU 3I Sjjj^-saJ! J cijl^. jJI ^ M c^*J <lij a (x y ) *4i^c^3l 

t 4 lLa'vll ^Ualll Aj^)]Vn A_aJlxja U^H aCA .ULLui A^^-a^all 


jlLuj] A_ll^ ^cdj C ]l*\\\ ^liAjl AjI^ILuj! LSI ^Llaj (J^-^ (j-® Q^)j d(x 5 y) fi^Call ^liAj] A Jaaj 1,1] 
(Jllll A_llc ^c-Cj PSF 2 (j] .PSF AlkJ^ll D^jA-s^jl &\ j2] ^ul2l .(PSF) A-LakiSI 

iS^y^ cJ^ jJSLcLoj jV I Aj^)x^a2l A ^JajbU PSF (j^ .(OTF) Aj^)^J^ 

.T.5 - 4 C5^ Liajl CH 3 OTF .T.5 - 4 ^ ^cjJaj-A3l (_£^A jjJI (j-a J^IU 

2)U Luj^qJl Sjyj jCiti W U^ 3 J Luj^*4J C j^aII PSF jSlV! sisU li] 

^ ^cjJaj^JI jblkVl -Laj C5 1c- jCitiSl (j! .T.3 - 4 ^ a jLall c <a^n h(x,y) J 

.24 ^j5l 



D^y 2 l (F ^)1 1 )nx > *1 (a 

.SJaij a =4.5 * S</in jW^V* f tjSJj :24 ^ ijlt 

J5il! aJI^ AjjU! (j^a jj^aall ^Cijl ^Jaa2 Ljxuj (jLl^a jl AjjjJuI _^A D^)y2l ^jl 

a_L.^>a3! jjj*j 2j] (jj^xJlj (ji a^Vl J] cJ^% cjjojVI (jl Ci^i aA^^JI .180 deg T.3 - 4 

.b 24 ^ ^ 


^HaJ! JUa« Jl fl ji 3 V) 


6 J x /C clsuVl jC / 7 [/*,/c] ^ jjlfllill (J^xILudluj clP^ cs^ '^ClLaL^jl CjI ^ l <>V> j 

j] .25 £ J ^ .h ‘ ^4 Ai ji^xa J JA J [/=0,/C=0] Cljyjl^yi Jfi » -l ui ^jaJ 



dAjjj&il! (JaiMmhn (jji AJl^l I ^jc. ^_^aju ft j J Lo-lic. 

. 3 j>— 1 I>J -1 (J/ 2 , K 72 ) 


f( y ->2H x '-K)] ;• 


*H J “ 1 ^>( A: “K) 


-■■ 

h H K -y 2 )} 

- ip-tfrt K -y 2 )] 

B 9 + 

B + + 

*[-1-1] 

*[0-1] 

B B ■!■ 

^1-1] ... : 

A[-1.0] 

*[0,0] 

fim ... /{(; 7 ~>^).0 

M-U] 

*[0,1] 

Z(l ? +1] ... : 

"■ 

f( ff -K)] •’■ •■•’ i j -y 2 H K -y 2 l 

h □ ,k ] ui-jl cjbSlJa.V! ^! : 25 


iJalj ^JU-saj \jLJo 3 SJlC- co^)jujl_ua $.1 ^ ^ Aj LaJUC- 

^ (ji j^-fe /?[/,/<] Jc. 5-1 jtfyi i j^]i <jU£ ^ 1^4 Lmj rn=n =0 J 4 » n«o'i * 

; *6 jjx^i i ^ jU. c ALuj ji (j£j4 a\j\k] 


<*(U>] = £ I*[;^M-;-£] 

j=- 4 t=-^ 


_, _(•'-!). A - _ (*>!) 


m< 0 , m>=M, n< 0 , J a [m ,n ] iyal ^g. 2 v i 0 » ^ 1)1 ^ALg ” ^ ■ ud ^ cJIjjoiII 

LijU Ujlu^V jljJ j 4_Jajud j (JjIaj Jaia c^IUa # <Jljjud]| 11 a m l_iI tilliA ? /7>=A/ 

• <JUl! ^^a AjjujUill uj u-? ^ 0jUi3l ^_aj 

AlLlj jJnm 4 _xua £xa ^)jjL-all • 

t Si) ) S JJ^'I • 

cIaJ I g 'slun ajj^II JJuu • 

JJC. ^ J^aJl ^11 • 

.26 ^jai^ll <^A ^Ia 


^ C ^ 


** 1 


J V 


V" 

S T s. 


(a) (b) (e) (d) 

.Ajja-uujJl lAJjA^ Sjj-^)I JjAaU A 4114 a\\ Jj 1.1x 1! AJla! ;26 jJ) 

:M x N oa a [m ,n ] ^ * 


M-l.V-l 

c[/h, «] = ^ V a[ y j ,i]/i[w;-y J n-jt] 

;- N t -0 


[m ,n] -j h[-j,-k] j =k=0 J ^ (»' ^ £ jLui h [j ,k ] »' > 1W l? > 

/7[/ 5 /c]= /7[ — y, — /c] J > liiA ^ (JjLCLa cil^jiLaui (JUixjjujI $.1 jllyi 5^^° U^ 1 * J t-Aiij 4_i!] 

JfrnlaJ JUC. ^cjLuII CIjUILIaj Uu3 jLlc-Vl ^ (ji c lil . 4-*\D5 I jjuiJ ^ la U^ AaJ 


/** jLa> AjQ^all 


3 ^ 0 (K 2 ) jo Nx N Sjjj^a ^jlc* (JL^-a]| ^2 s-ljllJ j£^>-<4 K X K -ii (_s^ JuixjJl * 

.(MADDs) ciil^ljiay 1^ ujiiic-Ljaj^ll ^jjjLuj! ^Ac. a ]^q , i (J£J o j ^ 

^qjq^k CCc. jl ^^JjaC CCc. ^CJJJ C3 a [m ? H ] J ^ jJauoill 1 «a C*lxJ I^l£ ^£4Jl s- 1 jllyi (Jj 3 <j-a & J2jj,tk^3l * 

*Lkkl t (n u ,j u, ^ -sail Awti j ^lajoi ^J3 £>4 ^j^aLa. Jilj (jAxJl # Q [jXl J A ^n<ll 

4 ^ *i» i cilli 4(JjA-ai-Q k [j ? k J &\ ^llyi 3^^° IAI t &\ ^llyi (j-* 1 (. fljuo^ * 

I i - £^j 0» (j^j 3^^)^ 

MM1 :/r ,/J i ’i*A,,;I '] 


^Ajj (jl (j^Joj ^jjujjASI <jli 








g-i (J IjV! 4*1x21 ^gOL^.1 ^jLajuj^i (^u)aj (Jx>1^^jl (j-<4 *1^,1 j ^IsuVl ^jUj ^juJ^)-< 4 (x3g lla-> ^j-<4 V-lJ All ^CxJ 

C5^] 0 (J* K) (J^ ^ ^ >q<l (J^ ^g-A ua^W .\iq»Ml j^jl ai^J IAa tL <ij>4C. /\/ x A/ 6^)jj^al i aLaliVI J k 

.0(J^/<) 

4 (Ji>«ofl]l A_ijl£^Uj 4 ]^ ^iijq^^Jl (25 5^)^ U^ (j) (Jj^aaixi (J£ju1j 

uj*»h<A>£l>&i 


ll»l = [l>^] • [l>„.I 

(J % JST) = ( J M 1) * I I -■■ JQ 

j [h C0 |] ^r*1 *1 A \[^ iS'^ U^ h 6 ^ x>Kj < (J^j A_AaC. c. (J^j M ^ M lLi 

• [hrow] l - L -a!' 

^ 4 6^)jj^all 6^sU 1 <a nj jlilyj (Jx>1^^jl ^<4 Cl il 0 i^» j\ * 

^j>4 !>Lkl^ (Jlj D^jj^all CjULij i^ja CjJla. Cj>4l ( x^ I £jUl (J^j S^Ull diaj ajjt/ill djULii] (_^^)jaaj]| A g ^\l 
4^^3 dlL^aj L4£ 4_1 djl ^k £a dia-x4Ajyi Xic * j 4A_ij^aLaJl aCA (JxJjolj ^ji CjLlg^)! 

# (dijlj^ Q 4_Lkj 3^3 ^ 4 41^11 J c>% C jLl<4 jjI 2)^ U^4 

jj jU 1 ji^q ^ f ijiiyi 

j^jj <j^Ijca 3 i ^gic. jUiujyij '$\ jiii yi j!)Lk jjj^aii a^\ ii >-i (J^jLuj ^juo£ ^3 

;CjLi1ax1 ] A_i]llill ^LoJjoJIj CjV^Ij*-^! 4 >jV^l (Jju-a j^l] 


i) /\(n,T) = F [a[m,n]} 

ii) AitU^i /A(^i,T) by the precomputed (n,T) = F{h[m,n]} 


Hi) 4^11 a— dm,n] = F 1 {/l(a 1 I')*(a 1 * f )} 


^ ^jujIjlaSI $.3 jlilVl-J SknjfJi (J£Lula 1I In i <3^1 xa 33 a2/lc-3 ailaC.^33 (J3 ^jU j*1jj lii ^A l aIii * 

(Jl_>»^ S^}laj — S^)jj^a33 ^JJ 1 ^ ^£33 * A>W ^ (J£juiJ — ^gjl^x>\l 

^jujU (_^^«2j 6^)AUall alA .b 26 ^3^)33 ^)jj^gj3 U£ lA^jJi^. ^-^)L^. (J£juLj &^)J$1a ajj^ll ^jU 4Jal juoJJ 

D^)jj^all ^iajJslL <j3 ^j£joJ 26 ^juj^)33 d^)jj^3^1I (_£^^V3 lIA-uIS-aV 3 (Jju 3 (_£^)j3£33 S-3 jl3V3 31] 

J£al? c3^ 2)3 a [m ,n ] - J <j j33a^3 3 Sjjj^JI 2iLo] 4 _i 1L j^Vl plijL^a-all (^Q) ^^31 j a[/r?,A?] 

0(logA/) K x K &\ ^l3V3 /V x A/ *^^)J <Jaaj (_]£i ^Lud^Jl Julxll33 * 
Ajjjajill &1 a . (j^) ^ JL<^J ^jS^ja /V (j^j A/ > K ch ^ o^j%* . K Jqnn^j MADDs 

JjJjUl ^JjjlA^ijlj .(FFT ) (J^-^ £^fl33 ^J^judll JJJjji Jjj^i 4_L<4^^)l^k (JUxXJjujV ^AJOlJ VI 

. >> log A/ u' tc-jliajj IjlA # ^jujLia 33 (Jjj^)3a33 (j-a £-^)juj 3 (jjfL (jl (j^oJ (J^ (j-° L ^}*-33 

^jjju^all A > 31 • ^ A-lajln^^ alA l$_ik <- > ^j 33 *4] ^3 t (Jfrll3al33 Cj^Ljj^aaj ^3c- JulxJ A I J K (_£.^&j3 

4_j 3 A 3a^.^l ^ L_L>J^ # K >= *| 5 QJ"^ $.3 jl3V3 S^)3ai ^j-«a ^^)juJ 6^)3aj A/ = 250 *JJ k ^ tAXaxjjui^jl 

L_jLua^. 6^)Jaj lllo’n IaIij i -3a53 ^liu^all ^^1x31 c_ jt jud^> ^jjujLlAil $.1 U^-^J 6 <J^Ha3I oIa 

'SibLA 


Jlua3l CjUIaP 

A_iLxk djL^juj^Q • 

4-iLxkV CjL^uuj^Q • 

(J4j^a3l djLL<i^^)l <j^a!!)Lk • 


^lAJ ^aLualjVl 4 >31 » a\\ Jj^W A n^M jl /j ^.IjJajjJa J 0_lLxJ djlj>i^^)l 

jlaj .^43i j^Vl j jjjjj 3 (J3-^ ^ JjU-J) cJj 3^ (J j^?3 ^ ^ <±1x^31 jjc. j <11x^31 djl^jjl j^JI 

.^^a11 ^ 4]! is^ CjI qjjWill j £u!ja1\ (JjWuu^jl ^'^ jaL fiJ3 djl qjjWill 3_jJaj| 


CjUui >43! 


1 S \i^3l SAjljau^l c. V^j 

(jxu>i ^1^33 c * % ^juj^)^33 (JjAxj3I ^3c. o.vru*)^ ^li3i ^ * 

T.1 - 4 (J j'-^^3 S3 ^a J^3 <33^ j 9 PSF -33 ,y ) ^ujola33 ^ 5 j3^a33 (J3 >x> 33 .2)_)^33 (j^ 3 aJ ^juj^a33 

^a ^^>a 33 ^jxi ,n ] J^alo3> ^gj\^x>33 (J3 >x>33 ^^ 3^333 ^iAxj33 <31^3 T.3 - 4 l3 j , ^^ 33 j a 3jWuux>33 <31^33 
^jojj 33 ^ 4_^jJaj^ (^/?=2.5 ) <jjj 3J3 <31^33 j ^^/=A=5 ) ^ 3j3vuu^33 <31^33 4_SiL<iV3 /q^^1ui.a 33 (Jl > x>33 aJL^, CjUjc. 

.27 e^j 
^4^ (a) 


(R= 2.5) l5j^ 3^ (b) ( J=K=5 ) J^ai 


'V,.[j-*l = r- 

z 1 


0 

1 

1 

1 

o' 



'I 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

25 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

A,„ [/■*]= 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 



1 

1 

1 

1 

1 

0 

I 

1 

I 

0_ 



J. 

1 

1 

1 

1 




a [m ,n] <J^fi' u^ '\' c£4s .Z h [j ,k] = 1 u' ^4 j^' lh^^' lA -^^6 

(j/a Ajjj^) (j£^aJ La£ . ^JJ^)j3 (Jjj^j 4 j x rol_k 2k jj (jl (jfl2j jJjfill . I xiajl AjjIj q J ^cjUII a^jjj^a (jli 

La^ aJ^.^a]| (Jjj^C- ^Jj (_£»ljjj (jl (j^JoJj A_nLuj (_^*ajj^a3 IgJ ^lill (JiLj t ajUaj IgJ CjI_^jui^a]| dJA jpa (_]£ i 4 (Jj-^9^1 

.(_£»lll jj ^^)j|^ll ^lllajll (jl $(_£,^j| jjj (Jjj^aLa ^joi^aII £J^a 1I (j-lllaj]| j)] .24 ^>j^l U^aLuj 

(jl jjl tgJ ^juj^a]| ^C-3 j^x>> ^j£ll <2lia> ;(JkJ^ll ^jui^a)] ^i^-ojl (Jj.Wlll ^Ac. fiklLoi/a ^cjUII fi^jj^a - ^*1*^ ^juj^<a * 
0jlHj IgA fijlAj Aj^)jI^ jl A illaJjabQ l2al (jl -l^.j*<a ^gjjLok) (jl ^ xjj^) ^ ^Ijlll^ (_£^)J (jl (j^oJ tLaj^aC. .4 

(Jj^JI A-^jJaj^a (J^jj]l 4 q } hjj PSF ^^^LoiaII ^gjl^x>ll JU^JI ^3 ^ . 13 (JjAaJI ^IsLil^ .^jLat^JI ^ i^arMI S^jujLixa 
C fljUaj A judij (JjA^Jl ^ UjIj L<a£ ^aulAxlll I A-ll^i T.4 - 4 (Jj-^AI C^-J ^ lilalLalAll ^C-^ll <IUJ T.2 - 4 

.<l^.^)^jl (jn^C. (j^a^)*J V I^Aj A_iaLuj (j^ajj^aS Ia^jc. (JjuI C1jL^jui^a]| a2fc jpa (Jsill 


^juj^a]| (jl .28 ^juj^II (^s jaLuIj (^^=2.5 ) ^jjjl^ll ^c.^11 aJL^j ^J=/{=5 ) 4 1 1 Wnti^ll ^c.^11 aAL^J AAiLaVI 

.Z h [j ,k] = 1 uj^ ^ 


"0 

0 

l 

0 

o' 



= 1 

2 

3 

2 

f 

0 

1 

dm 

HP 

j- 

9 

0 


l 

81 

1 

jL 

4 

6 

4 

9 

1 

9 

5 

9 

1 

Kct{JM= 

■-S 

J 

6 

9 

6 

•■s 

JN 

0 

9 

& 

9 

a 

9 

a 

0 



9 

dm 

4 

6 

4 

'“> 

dm 

0 

0 

i 

0 

0 



1 

rt 

dm 

uTli 

Jl 

9 

dm 

1 


(R=2.5) (b) (J=K=5) L^y* ^A^y> (a) 

Sjj-uoll J IaoI A y\\ A \\ Ljl^ui ija1\ :28 f-uJ ijJl 

(j^ij £* iiia (jl 2 _l^ I .1^. I lK^ 4] Gaussian jS J Ua i J _ Gaussian * 

(jJaLlA 6^c- ^Jl AiLjaVI-J s-LuiaS tAj j£^A]l *laJ! <J^)laj - (3-^ GaUSSian (J^ajl i>^Si 

4 (J j'^^l (_^ sUac-A ^aluuJI Gaussian g-l ^aall (J^jl aJI^ j PSF .(j^lj^ll »l ^a3 (JjW*i j AiL^JI ^l-^l (JIa (jjj^ 

:l]j^^ Gaussian 6! .T6 - 


^, v > = = 


= gi D (xygin(y) 


f > MA 

1 ft 

(A 

{^a ) 

{^a 

J 


: Gaussian 3*^ 3 j^° •^'- iA 



jU^j Li^iic. li 6 .^.1 J^VI Gaussian (A/o) L - J ^^ c ' u-? ^ cJI nul i $.1 j^lVI 

. ."Ia5r j' "Ia3 


&rI«J = 




J2 ha 


0 


HsJ'f. 


t e.\ ^.yja ^tl^ya (JLaaLLmj l_j 


&-.[«] * ^n\®u[r{\%u[n\ 



. 0 H > N, 

I^Ull (JSjuJI (j^i iAc. (,1*J I_g^) (jjAlajll (jl 


4«] = ((tf[n]®ii[f?]) @>u[n]) ® «[*?] 

rJ*N 0 =\b\ a AXJjglj Q < 3 bj* x ^1^11 ^jaia AXJjOLj Jjjkslt laA 

♦ x ^ S^judJ UjLiikl (jl 

u-ixj liA t(T.6 - Jj-^l jl) Gaussian ja Gaussian 4 jgjj* .^j^' ^ ^1*-^' - 

(a*) = G 2D (n,T) 

*'i jj-a Gaussian - <J ^IgjiUI ^-iaII ‘ . jjjjII <Jla-a j£2l ci iljjjb (_^ala2] _ .<U4 jla]I ^a (JLa*iu.5U 
^1£ (jji jL. Salt 4 ji k = 3 a>K/7i J^k' .cjI&II Uu ’ji£ <jjkj a jUlLl 


Gaussian ^ j* <»co 1 -^a j £4iij} bjW ^j\ j^J' .cS j' j^aJ' ^ ^>«J' <J-**^! - 

.0.5 = < Q UJ^ ^-^C- Asu 3^ ^ 4-iMl <9j^a jll (jjjWij (jl Ljajl 

L-jj\3-i<a\l <» V^\) ^Ac. ALp^V^ CJ O 

‘ ibu^ll ^ ^VL q J-Ull 33 gj o 

• { bo,bu b2, b3, B} jaH p^*t*-* jj ji3 0 

$ A-lgLgVI c_a!!/tikVl *Ual*_xa ( 3 fl^j o 

:3^ ^ L.» ^ qj ^ <351x11 ^jj 

f .987110 0,96330 ff£2,5 

q ~ [3,97156- 4,1 45 5 4 \/l -.2689 Iff 0.5 <cf<25 

: J4 { bo,bub 2 ,b 3 ,B} ^>4' cxiA»^, ji 


\ = 1.57825 + (2,444 13«?) + (1,428 \<? ) + (0,422205<? s ) 
b, - (2,4441 3tjf) + (285619^) + (1,26661^) 
b, = -(1.428 1<? J ) - (1,26661^) 

^ = 0.422205^ 
i? = l-(> 1 +6 i +& 3 J/^ 


|/|/£ /^] A-LuujjILq ^ ^ jaCL j j ci[/l] (Aj-g Jp(JI jl) (J^AaII l q *■ ^qJ) Ax 2I 4jALa.Vl 4 -lgLgVI t— i£/lia.yi 4 JaI*^g A^Ij 


w[ n] = Ba[ii\ +(&,^w - 1] + 6,w[n - 2] + fc, w[ n - 3]) 1 6^ 


;Jj3 ^j-g ^ Ur.^\l c [ n ] ^uUll ^JacLj j l/l/J/l] AJajujjlLoSI A a^mll Ax_i]| 4_jALa.Vl A-ialaJl 4 _IaI*^g Aal^ 


cl y' ] = 5w[«] + (Vt f1 + U + VI/' + 2]+ Vt« + 3]) / b 0 


n = 0 (_5^) 1 - N = n Cy* c3f^ AailaJl AJaIjla]| \ 1 - N = n <^] n = 0 Cy* c3f^ a_lgLgV1 <UaIjla]| (jj 

jAaJI Uaa. jUatloi) L ILajJ (jl (j£Jgj G3.USSia.Il ^-4 j-g 3 c <aVi^kX>" (jjJsLill lA^j ^gjjaull s-taVl 


JLZJsoi^-W 

AiliLill cAlixijjljaJI <a3a 1 ‘h [n ]‘ Gaussianj a ox 

f^k <jJqj^)xa]| A qh-s CAt-LG^^I ^kl] A-njaull <c.^juill m Q 29 .^.J ^ 

.b 29 


<j3 Lgj £3j 3A 4(j <La4§j M 3x A^j-all M ^UjILujU jba. (J£ )a£a j lAa. £_j^g]| ^)AaJl Uaa. (jj 

^nJaj (jl .ha. Uajl Qjflj 0’ djl qjjWltl (J ^ja j ^illalill 2)] .4-ali^il 

^jAA^jk (Jj^aA C t l\Wij 4 (AHa ^JA (j^GC-l . A/=256 -<J 6^)-G 3.1 4 (JHa1I (JaIjuJ is^ 4 ££^41 

.ila. l_j£^g AAc. f\l (j) £J^)jud]| 



Ac.^) juj <j^)lLd ^ <3A <j^)lL<i ^ 



.256 = N Gaussian AJjti* :29 

Asu (J^j^all djLajuj^i # (Jsl^JI (. < iVi J sx> (3f2aJ ^jV ^a^)*A ^3 (jLa^i * 

=0 4-La.^aj! Aj3 ^aII ^AaVI (jUiXJjujj c_j ^ja Laj-aC. ^^AaVI CjI A i^a uu tAl]A 

^ajL^aa. LdAlc- .24 6 6 ^ c**l^ v>> j 4_La.^All A_ 1 aAI /ojjt/ill L^AjC- a1^.^a <JjjuA ^Iij V (^ 5 ^ 0 


^jajJolaa O* bnxi i A U) k n j Cl il qjjJo’i ^Jj i£^(jp (jl ul^ (J£juj (jL<A ^jl AA^plI 

C5 lc' ^T.8 -T.5 - 4 ^ Aj^j^ll JalkaA]”j ’’^JUaJI” ^aVI j jLuaufti l 

.JW 


AjJaik^U) ljI^ui ja1\ 


tLaj-OC. 4 QjJt-JalLoLj V ^jl 


lLAxu_i1 C*1L * ^ ^ 1*^ ^ \ 1 f A-Li^jjjJ 

.£joi!j JjUsu ^lc> LujjJi A^nWil' ^ J^ajl 

^auuo 3 ^3 dlL^aj 4 la x A-JjLu^a^V 1 - (^Jajoi j)jl ^jui^ajl * 


^gic. D^Sl^jl (Jij ^Ac- ^ '''"'' 1 " * c£^ ajai ,$3^ ^Jud^ajl . J^lu, 

^>^vCs 1 Ijl D^sl^jl ^jAjJa ^jJajuall A I'lmjlL&ll A x> iq\l^ ^ulj]| A-3a,9j L-bua^Jj ^1 AJla. ^3 La^) 

U.J .♦ L 3 a a n^L&ll J^)Lq J*K 1 ^] ,^) 4 ^VI is^\ £y* ^ ^Jajuj ^akj JaUij J*/^ c _ iDVi ^jl i (} J x /C 

^j 3 Jj JaJjJalU ££ jLai-a S JIWJ! <^S 1 ! j! .W& . c h^\l £ <xjIS ^ ( J*K +1 )/2 

(jl ^ x *all Cljli ^Jaj^ijl ^aJSJ (_]£judJ (J-<tfJI IjJ^I li] L_LJ^)ilill Uac*. cilliA (j^fLjV d 1 12 kJ ^JL^Jl ^ 

<X«a ^ Jg-vJi (jjotaJ . O(^K*l0Q(i/*K)) <iakj J£J ^alc- ^Ijiau IgJ Jjj 3 4 u- 9 jj^a^a La£ A_L<ajjlj^JI 

J > = K (J * al jjaJj O(K) -3 g-i ^i9j <xjjj>JI 

(jAiLaii S^sUll ^ A Wq]jjl LlA .A-ljl t^^VI S*l^.jll JojaijlLall ^juI^aII jjJaj -<4 C_<L/lla.y 1 

p% l* n*\ ^jkjl <Lgj 3 (j-o p% (J^ U ^3 A^<u 3 ^jxa ^aJajujjILg) % 50 (J^ (j-? (J^ 

U &tSoi ^ % (p =50) c> ^-3' e® 1 .(^^ j ^) % 100 J) (^' ^ % 0 c> 

jjij jl . jj^ 3 ' ^ jj^ 4 J ^-3 ^ jj^ l_i*_1j CjUL^I _ Kuwahara * 

# Ljaj| djlsL^JI ^3l j-<j (J^ lilj 6 ^D^)jj^a]| AjJl^.) AjJlaJI is^ 0 ^^^3^ UJ 1 ^ (J JlLa ^jls 

11 a <jl (j>4 ^c.jlU .Kuwahara j u^*-^ cJ3^j AiW]^ *^1 31 11 a 

J = K = 4/_ Aju^a d^sLiI l ^j^aliuj A-La^^ J^3^ toisUl) (J^joi (j-<a A qVi^^ A \f\ 2jlll ^ laJ ^j\ 

.30 ^ 3 ^) ^j 3 l ^ AjJaj^) 3 t-$J(L!l A^Jjoiii oisUll (jl .^j^k /_ j^j\ L— Lia> + “| 

Rep on 1 


Rep on 3 



Rep on 4 


.Kuwahara jialla t3*jj‘l :30 f— 

.[(J +1 )/ 2 ] x [(K +1 )/ 2 ] ^ . J=K =5 L= 1 J^' li* ^ 

(>, s, 2 (,- variance ) j ‘ ^ 1*^1 ^ m,- ‘ 4 (i = 1 , 2 , 3, 4) ^jVi pJaU^i <> <3i ^ 

.^)*_*^a! 3-$3 ^i3^ A aJojoj jIaII A x>jq\l S^sUl! ^ Ajj^^xJl A ^uli A--<^ ^jl .AjojIs^ 4AJ^Ijca]| 


Jwa.ll CjLiajjIj^ 


111 ^jl ^juj^a]I ^j| ,(_3j3 6^^3^ail (Jil^all Cjl_L<iJ^)l A qV^x>ll ^ajL^aiJl ^J\_Ii3l (J j^a^l 

. N X N S JJ^3' .J >= K 6 A^^a*JI ajL^k cClii^ J X K J j 3 ^u^ Jj 3 


iuj 

Jl+JI 

fjd// 

^jJl 

(Jks 14 f><> / jj/^iio 

^ 1Q9 "itl/d U»q ifl 

■ W J^Q 

Space 



Y/Y 

Oiconsta nt) 



Space 

yM 


N/Y 

O(K) 

ciAiLa 

Space 

CiM 

fj* 

Y/N 

0(constant) 

ciAiLa 

Space 



N/N 

O(K) 

Gaussian 

Space 

yM 

a 

■=-:=■ 

Y/N 

iX 

0(constant) 


Space 

yA“- jA- 

fj* 

N/Y 

O(K) 

Kuwahara 

Space 

yA 3 ^ jA- 

&J* 

N/N 

0(7* K) 

Other 

Frequency 

gM 

— 


0(log/V) 


JjLua]) • 13 JjAa. 

# 3 1 <LajJa j*<a 4 qVi«s^\i (Jil^all lIjLlg j^)l^a* AiiLci 



Gaussian (c 5 x 5 ^j^l (b (a 
e) Kuwahara 5x5 (d 

A qVl-S^II A jlll j A_JaaJl (Jijjall CjI /u^a ^Ljajl * 3 1 ^"J^l 


^jLalLujVt L^uiLuij CjI j \ a £> 

(jl # D^)jj^all (j-a jl *1^1 j ^\SlA (jliloil ^ic. S^piA! (r*\lS5 j ^jjj^all 4 ^ \1 * a AjjuAjuiI A_iLaC- (Jq A^q]! La£ 
<illa j i** U*n\ ^Uj^l ^Jl 6^)jj^all ^jals # (J-aju (jl (j^A ^JaL^ll liAa c ^jL AjjujLujVI aJ£juuAI 

^AxJl CjIjjI^,] (j-a Q |^ JX1 ,n ] A_L^aii* A qjjo j (_£^^VIa (j^ A-ijl£^Al Cjl^lillxAl (j-a ft (x ,y ) ^^QJjobQ 

Ajqjq^'l A^tldl LlAitalAVI J) CjUjjflj£ ^lajCj (jl Ja^3 0^4 Ig-AaU (jjuj (jai CjLlo jjl jaJl A >jn5 > ^ 5 il£-<Al 

A jL«V^I A_ijl£-dl -S^gJjouAI ojjt/ill 

y jl x\ l_j jjLJI c QJ^'I u>^ (jtal^Vl ia.1 6 aAAx_a3I ^ jjjjjS (j-a cjjj (jl <j£Jaj 4(3^1 J^A 

A_Ltall A_i1axJI ^oa,^J (jl aJIAuAI •alx.ll (JaJl # A_ajU]| 6^)jjL-all ^JlaJl L-JAp-^l S-l-*-* 3 j-*-* 3 (j^A 1^ 

(jlilui^U Aim a_i1a*JI ^a ^ jLajlL Jq^l 6^)L^alklA t^JlaJI L^iA^I j-*-* 3 ^lill (_^^>^-VI 3 I ^ 

^A-JjU^^II 





.jliliV! .1^.! (j -a tCljl^ixl^ajl (j-<a (^)j£J jl) (J^j (j^ C5^ 6 ^)jj^JI ^)UjC.U 

<c. jA-yA*\ ^) mj <jl ^j£j<aJ (_£^i ^-laljJC.1 ji ^L^J - ^*-^ *^5^^ aL^jVl U^jc. ^buVl A_ijl_iill <UL^1] 

M ^j^\ J* 3JVJ3 hy * (is. jLl^ji) ^Vi jisibu Jjiai ^ j*li c> h x li) .<jusyi 

c(<i^9j^a^ajl) (jlilui^U (Jjlall A_llaLlic.yi 4_2jl^ll ^juj^a ^Ac. ho j ^(Ai^Sj^a^aj) (_£^j^a^jl ^li!Luj^U 

[h^] = coa#*[h x ]+sin#-[h. F j 

t ^3.[m,Il] (jlilui^U (Jjlall (^Ixjui) A-2k,^<a L- <jj^aj Ljaul (J^alia^a ^A - (Jj^ajl djl^joi^^ • 

Ya = — l + — t f = (h x ® a)l + (*, ® a)i f 

j J! ^ .<JI ls^ 0 6 c£^ (_5^Vl olaJVI ^ 4_pLaj Cjlg-^iLa r .i find Jy <. :, n^k 


H=A/a®“) , +(*,®«) 1 . a> .j J i. 

[M4, 


tf/{Y a J = aiutatK 


fa® a) 


cJ^ 4 oL^jl 

U^ ^)l-^L<a u] 


l Vfl l = \K ® a l+ K H- J*° J** hs* 

(hx , hy) J <Lal^<JI cjI jUlkVl ^ .hyj hx ls ^ cjULoi^JI d^J <jjl^j3l ^uUill Axaiiau 

c ^ i> <oj)*i k u 


^y<a X. V W ^ diL^juj^oll &.AA - A UtiLxjjj AJjlii c ]1 ^ i k\^A 


0 [h,] = [h,T=[l -1] 

«) [i>,]=KI=[i o -i] 

4_l^)>aj ^ ^)l,^L<a -2 a (J£ ju 1 j (Jj'S tu^yaJl (jl^A C qVi^ (JiLj ^ic. (J^J l >% n«\ 

;Jj 3 ^ Ja*Ja o^ j H.< = Q <= QO ^ 


j) [h] = [l -l] O |ff(Q)| = 2|sin(Q/2)|; p(Q) = (k-Q)/2 

F 

«) [h] = [l 0 -1] <^ |ff(fi)| = 2|sinfl|; <p(fi) = JT/ 2 


JjVl (jijJ .<2ll^ (^*-94^ (i) (J jVl (J^joJI 1 xmj Ljjjbilill Jajjjuj 3La^J ^ Jaau (jj_^ ^itlill 

.^JjjV ^itSlI (J£jai3l Lmj$Al^.jgJI jjjxj J] 


;(Jj3 ^<4 cia^juj^a]! - Prewitt cJ^ ^ iI^juj^^ 


[m 4 


1 0 -1 

1 0 -1 

1 0 -1 


■]! 0 -l] 


kK 


i i i 

0 0 0 

-1 -1 -1 


1 

0 

-1 


‘[1 1 1] 


dL^j] ^ (J^ .^jujj-all ^utull til U a 4_ijLoi^JI ^ulull La . l) *■ ~ hyj hx Cy* (J^ 

LS '\x,\W A-pUJ a -\n)i Lai^Luua jlgIxIaII oL^jVI (JLoxjjoiI (JijLajj ij aJjAjl-oII 1 w'u,^ 

.(J^jLuj ^auuo3 ^3 L ^ *• ^J) 

;(Jj 3 *.Y w ^ ClA^-JUl^oll gLa - Sobel (J^ L " ^ • 


['■,]=-' 


1 0 

2 0 
1 0 


-f 

_ 1 

T 

_"> 

4 

2 

- 1 . 


1 


.[1 0 -1] 


M-7 


1 2 1 
0 0 0 

-i -2 -i 


1 

0 

-1 


*[1 2 1] 


JIaxIujI ^ jq^jj ij <hl*_Al! ^Laxlai^ i^.1 ^Jl cL^jVI ^2jj-a l]^ ^-L . gjj^agj^ hyj hx 6 A-^Li 

.(J^jLuj ^juo 3 ^3 La£ ^^ulLa ba.^ Vuu^a AxjII Ajil^Vi 4-^jugjj JLalxIiall 

A_lo3^)1I CjI^juj^aII ^jxu«oM ^IxjII AjiL^Vl CjI^LujVI A y It * a ^3 d^)3 jligjl Ci)t jYqMl A \f \ /Yi - gjj^l (J;igjl CjL^jui^a * 

Parks-McClellan ju*i^i .hyj hx ^ aj^uVi ^uli lW c> <jj£ 4*^ 

<La^^J j (jl (jliiLuiVl i* ij^n iijiill jUkj (ji ^(JIIaII (J^f^ <^5^ 

V 1 / \ n tl Q^Q-^ . \Q.a a*li (A 1 1 1 . n .^1 1 4 U \ \l n 1 ^. tl t ,*(! 2 * 1 i. n k * \ \ . ^ \ \ L** \ V 


(_^^ll (J J^]^ ^qjq^ i^)L«a ^rlVuti tilli Asu A_Ld^^)l J^^ <jl ^Lja ijjJall 

. djlL^a I j^xl I 

0.0 ^j^ll (l.o (j jjl^ JJJ^ (jl q*i kli^kl aAjIs ^ajl >/r\ aJ (_£il! ^juj^gjl 1^] 6(J11 a£ 

^jjj (jli, ji,<= £1 <= n.0.32 l5^ ^ (3.0 gjjJ' f' j*- j n<= 0.3^<= 


•<2U]I 


ll^JUd^G 


[h 1 = 111 T = —^— [-3571 E212 - 1 55S0 0 155 SO -S2 1 2 357 1] 

i i a 1<1 - 34 g 


A_lilxAll ^3 La£ Ljjoi^-A (jj^ (j^ 


Ic. jjjuj djLufljll 

Gaussian 


jll _ Gaussian j* * 

jjiLaj da ild^A # ^hlstdl ^k cjlSliLSVI ddj 4-1 (jLdail jlajy Gaussian 


.hy j hx djLad^ cc_j jll*dl jLaiV . ii Jd dlli <Ll*d ^k Vji 

U 1 ^ 6 (jl 0^4 S^lifLll (J£.ulj 


w[h] = |^j(tj[M + 1] -a[n — l])+(&,w[« — 1] + & 2 w[m — 2] +b i w\r} — 3]) ! b 0 

c[n] = Sh’[k] + ( l\c\n + 1] + & 2 c[« + 2] + 6 3 c[m + 3] ) / & 0 

l aIij /^ = A/ ~ 1 (_ 5 ^) n = 0 ^ jqjjlvi Adlx-a ^4_LaL3^ <JjVl .^U^IxaII 4i^)xJa dj^LAjLdl dii^ 

.n = 0 J! ^^5 n = N - 1 A-iinlaJ 4_dbu<a ^4-ialk^ 
SNR = ) a 3 1 ^ jl I (j-° ^ f^.1 x^a <iuuaj C5 lc. 4i3lLdl <LU1I djL* jjl jAll jdb ^ Vdl - <x^a^l4jl * 

f^j^' ^ jkk a 3 1 gSjIt ^ iiJiLill jIjLJI Jj* cli* jjlji. j±ib o! .a c 32 <^j <=-d' ^ (29 dB 

(jia l^)C-V \ g Aft dd JS dxJ .a c 33 


/ v4 X / r ;i 

i 

Wx 1 v 

v ^ < • , '\in \ 

\ 

\ , ,>/( ■ 

x' X ; ,V <' : 

• I- W \ ^ 1 ' I 

: :/« 

‘ ' ) 
> • * < 

LA 


Gaussian (c) ‘Sobel (b) * S^\ (a) 

(jUluiVI - hx) 4 :32 ^ jJI 



Gaussian (c) ‘Sobel (b) < <3^\ (a) 
. | a | . V| 6 jl^ll a ifiVall cjb-ajjij^i) :33 jJ) 

Gaussian ^juAjuJ ^taldVl ^ jU IkVl .Sjjj^all ^ <jjia djlaL^ dlUA d jIjiLJI <3^ jj 

‘Sobel 6 Prewitt - ls j^Vl JH^Vl j? Ul^ (c 33 ^ j) J (c 32 ^ j) 

^Uld^U ALUll djUd^dl <dda 4 x. j x> > x> l)^ 4 Gaussian t^Lud^yi dlli ^ 


AdliUI cjlilSliVI 




^3 Ia£ *LsJI*a ^3 # ^^1*ja ^ja t SjUaj^l] ^ic-Vi C—lilall CljUili!Luj| L_)l >>i*s ^ja J 

; < _gJUilki tlijii Laplacian .<=■$-« jj^ Laplacian j' cjlStai^yi 4*-^ ‘*L»4S gLil 


_-, <?a t?a 

V*a = — - + : 

ca: 2 3/ 


r=fe »«)+(%»«) 


:( ^LaII ^a) Laplacian Uik. JI^a .4_ijL (jtald^U <Lls h 2 yj h 2 x c — ^ 


V 2 a <-> -{u 1 +v 2 ^A(u,v) 

,(u,v) = -(tf + i'' 2 ) *44*]' ci?4 Laplacian <!& 44 1 j 

](_}j3 ^JA ■ w ^ ^juj^aII I^A - ^juAjujI ^jlj Jjlfl ^juJ ^A ^ 

fcJ-KM 1 - 2 •] 

;(Jj3 ^ja ^ )o» a caL^jl (J£ & ^juj^aII La C-Julaj 

H ( Q) = F{l -2 1} = -2( 1 - co* D) 

JjS (j A ^■Jj3^1l L_J jLjVI ^ (_}aXJjuOJ ^jl <j£aj AstJl 4_pL^I CjL^jui^a u<= fl <= TL“ LijSlI (_£.Aa 

jlsuVl <^jLj j 6 is* jt .^-LLaII 


m= 


0 1 0 
1 =4 1 

0 1 0 


# 4LI*a]! 1a£ (JaxIiuiI j 


Laplacian ^4 ALLaII ^ Dlk*All <aI*JI <L^aj3! j a rc-4 ja3! La - Laplacian ^ J4 >a * 

c[w,«] = f*' l {-(t3 ; ' + 1 : )^(Q,^;| 

c -^ a j Vjl <JA2 ^ Gaussian - J K> u ^ il^Vl liA - jjUld!!! JjLII y^LlI Gaussian £=-4 j* * 

Cj\1^\ja ^LJ ^ jllk4JI q ^a Vjl Gaussian <i4^ .^4 lp l^La JIaj cj£Lj J\ o^4j (jj* 
<> Gaussian o# "44-* . 4-^LaII ^ CjjlSaAll ^jLil djUld^U JAall ^lajaII (jlLj K Aa31 


— (jUIa^U 4_Llill aAa*1\ j jL^\j j (JaxIaj (j^4 cIp^ 


- 1]) + (jb | w[H - 1] + j^vi-ttt-2] + &jVi^-3])/ 
tfji] = 5(w[w + !] — n ? [n]) +(^£{*1 + 1] + fe a c[j7 + 2] + fejcffi + 3] J / fe 0 


r 1 = [\l - "| ^11 = Q (Aj^LqI^ JjVI b^ya Ai^jxjo dj^Lola-all 

. n = 0 ^! n = N - 1 (j-a A-jlulaJ 4 _Ll*^ ( 4 _iila^ 4 dLll Ulu 


dLajuj^JI <jjs l 3 j^ Lcjjl c*Jl 4dl_al 4_dij ^-4^ ~j A l ^ dldaj - 4_L^jl La.pla.cia.n dLadj-a * 
^ ji \\ jUkj J\ jfj*j ‘Parks-McClellan ^jjij^ JUxi^L i m /\ ^ \ i ii'N ] | 


^t!liLuj tilL Cju ji g.ljJajjJall Cilia* d Jill La^dj .lajJ <jl ^iLlI J 3 I ^ ^ y $\ 1 

/"iUl^iIj^JI £-« (j y> *y)' ^40^ 

0.0 d^lll <_£d ^ (1.0 (jL^V) ^)J^>^1 La^a* A_lllj 4_Ll£ q* ajL^aa a! (_£l]| ^juj^)^]I Id^jl 131 6(Jtda£ 

giu ^wjjljiJl (jli 4^= ,q <= u0.32ls-^I qjS (3.0 <jjjl?) jjj^' j 7 i<= 0 . 3 £ 1 <= 

■U\l\ a\^a\\ dl^JUl^Xa 


[h„] = [h J f = — ^— -[— 3 44 S 10145 1495 -16383 1495 10145 -344S] 

^ t .i . ntjp jl Laplacian 


11043 


aLajj ^ ^iLlI (jli^V 1 (ajai^Jl ^jjjULqj AiLaJI cLaj] L^a jj*^aa IdLa ^) mj - GDGD * 

dLlilua) A juixd ^jui^aII La (J^axlLaij .(SDG Cty (JaaII 


4 

^ «_2 


,4 - 






CTO 7 


4? = 

4 = ^ 
J * A fi 


4 _ = — 

* 3c 

4=f 


.<LulAaJl djlilil^Vl La 4 >Axy = Ayx (1)1 

;^lSll£ Ailla^ll LiJ jaJl dLLLiVl SDGD 


SDGD(a) = + 2A ^ A * A v + j4 ^ j4 >' 


4+4 


(jl j ^_xa s-Lja jjJgjl 3L^a] J (_g3] 1 l>QjCa ^juj^>a11 13a til^lLuj^il Cl iLl ql /u^U ^^1 ^>^*31 J& Lg£ 

L 6 .L_l j}\)ox> (j^J (j] *1^. ^gil — ^j(j] 1 j (J jVl c_liL]| t> aLISII Gaussian 

La . L_fl3 Jjll Li^a. j Li^a. (Jj^aj LjA ^ a. l^i LijLll j jVl (jl 4_LL]1 dll Ci^all ^jl Llajl 

jliluj^U (JAall ^Coj^ll ^jli (ii <J^Ijca31^ [1 0 -1 ] (J^3 QA ^Ja*Ja hix cljV 1 (jlilCj^U Jjlill Lj gjL 

.hlx = /?2x = [1 0-2 0 1]©/7 7x ^Jaxj jl L-ld ^L3I 


^xi (J£ 0 34 D^jJa j ^ <aliiaJi]l (jlilCi^l! ^AjLII dl *s dl^jjllj - <j*^a2)L^]l * 

.% 99 J °/o 1 (-Li J^l J (Jl^xluiL ^)la^)*Jl 1^)C.V ((_£^La^)l! 1 g x>j^ (JjAsu 





(a) (b) (c) Laplacian - eq. Fourier parabola - eq. Gaussian (a=1 .0) & eq. 

(d) (e) "Designer" - eq. SDGD (a=1 .0) - eq. 

.Laplacian^ Laplacian J :34 

CjIaoju J-a3| 


aj (j* (jil A * a\ ^ j ^ l~i~\ (jjc-^lll (j-<a td )ba. CCc. 

^3 A is L_u£il ^3 (jl (j£JaJ (_£^)^VI Cjba. jui^aII c, .^ajuaa3l li& ^3 4 ^jjjLuiVI £*l ^ jVI (j - * 1 

jjjIj ^iS (J^nJalll AlJalaJ <3^1x31 Cljb ^)Ulkyi (j-* ‘Qj* x -° A£> ja~\a (JLoxjjujI ^ Jail (j>4 .dll qjjWill c - 

^1 ^)jj^all (JLgjCLujIj ^j£I J (j^b ^3c. Cl lLa. .<-** ^ juj^a 3I L. jl ^jai^)^jl 

Jla JaUij! (JLgjCLujU jl CjliUJl ^3c. Jjjllll ^)jl^al3 (jjdJjtLa3l ^nau (jxa O^bUa <L^jJalj (j^lat-La 

.35 ^aj djLajij^>All ^-iLc ^> 3 ajl .ijjjll JL^ ^a diljjjtill jjl^all 4 ^jui* CjUIac. 



(a) Lowpass filter (b) Bandpass filter (c) ighpass filter 

,4j nyll jLu^l Sjj^a s \k\ A \\ A KtX.aW p. | jUVI CjLiajjIj^ ;34 iSfe] 

Ji&]| L^uuLuuj CjLilaP 

(lA?^) <j^^V jl jl a (x ,y ) ^(c^yilc^)) jl ^ 3Jb $ jj^a Uaj^ 1 ^a ^ 

(j>4 (4 \f\ ki{\ jl^ 4-c. jxi\xi (J-<ujIj (jl £^£^31 (_ 5 ^c- .Vmna (JJ& (jl (j£-oJ <Jj.^jl <>— flJ^)*^jl . a [ill ,n] 

^\ m^VI ^3] ^ a Yu" ) (_^ill AJLaW Jallj jl Jataill (JjI il 4-C. j^'sxill ^ \x a) . %Jj^aiia3l jl d^CLoiaII CjUjI^^VI (j-a (J£ 

^Uaj (jl ^<4 B j A dale. jl (jUixu^JI (_^ (_^HI 36 ojj>^ll ^a b& s^jj^all ^a 

( 3 AC.I .(JjjIjlu ^ajua3 ^ dLal3 jJ (jjSj ^^3 <jujLaJl ^Jakj ^J3 jn> Utl (jpJ A .L_J j')ox> CjUjI^VI 

(Jj^aiiAll ^Ljaall I Vuual \a J.h'lni (j^C 




. Bj A :36 

't ^-vll ^j>»» j ^3 c*l jSiSj 3 JaU^jl dlL (J^ujjJ ^auai^Jl 

Object - A = ) == TRUE}. ^ 

.{[0,0], [1,0], [0,1 ]} 36 ^ B c J11 a£ 

iA(^ l ** Ui \3 ^)> A lx \\ lAVK c_a^cLj (A ^ 1 A^'^-r 1 ^ ..^* cJ' A-iilk ^jj 

Background - A = { a \ a & A } - 

*6 6 4 = Q C- (j4jail (Jc. A lit uVI (jaJ . j! j 3 fc)l i^j lixiia 4 ^ 

.37 <£jjudil D^jJa I^J 6 ^)j^)jJall . 12 “ C^r 5 ^ -^,J A^ AjfllaJI jl 



bad^wind 


objttl 


.^-uuaJIj 4-iAlail Jajj ^4 jia. l-Ljxj / ilhTi AojU^JI djj^JI :37 ^ ijlt 

A-LuuLujSfl uajjbui) 

{ C | A \a *\) j oL^jVI * 4j^)Li*-a]I CjLAaxJI <C« ^n'Nj 4_lxjdljaiVl CjLAaxJI 

; jAill <3 LJaVU 

;^Jt!i!l2] + A *(3^ 6 A j X 4_a. j^j) is ^ * 

A + x = {dr + xjtir eA > 


(Jaj lAA i f ~7‘~ \ AAaII djljjl'l^.l ^Slj-a ^3 Jalij ^j-a A j j^l & <j^i 3 j "b jy^zx J^sIaIl: lojl Aio t A_jl ^ ^ v £j 

.X 6 (jAill i** i\ g *> ja ^gJc. J jj3 


} 0 ' * * * 9 * t 

3 ^jll (jU la^^l j Vjl — j ^xi'sll -. 

A (jUc. j-oa^o C^JaC.1 .[0,0 Js- 5 (3^*-^j ^jJalj ^-iLil^l £3^-0 


- j^l^Vl Minkowski cAA^ 

( ** jj ->. t ** 4 ^ ^ 1 t '^* ^ 1 \ Jal^j WqQ> l " \ i n 


:Bj 


A © B = |J(A + /?) 

i5es - Minkowski 2il^=) 


A€B = p| ( A +/?) 

^ - Minkowski ^ 


JSUJIj ^uj jjJI 

;P]£l^]lj ^Juj j^JI ^jJjuiVt L 5 jJaU^)ll c^jj^ll ( Jo CjULoc, Minkowski ciiUL^ <j«a ^LiI^lSI <jIj 6 <j-a 

D( A fJ B ) = A © B = |J( A + ft) 

/JeB - £juj jj 

£T( A . B) = AG(-B) = f|(A -/?) 


: #el 


- JSti 


-B={-49eB} ^ 

.36 f^jJI yiusjc^l ^l^bU 38 ^ j ^ (jij \3*» ' I (jtsl o 

E(AS)^(b)D(AS) ^(a) 



B <L^Lill Jalij jl . Bj A Ug>j*>4 <^1 AaiU^jl S :38 ^ jJI 

_<^rn]l Jjjb 

jl # 11) ^jJoVill ^)>.oiC. (_£^.la B J 6^)jj^all£ Sjlc- A jm*! (jl (j£jaJ B jl A 

jJo^S Aj^Jail $.1 jjlVI jA (_5^JI ^jJaUj^jl L_fl^x^j| ^ixl ^ J Jo Vi 11 

(JjJ^Jall j 4j^ll t (jjjl 1 V I ^gJl ^al VLj (_£^jJ (_j£l£jl p^^^ll ^3 ^J^jl jl £jujj$_)l ^al xn'sVlj (_£^jj tLoj^C- tjXjui ^lill 

(jl 11 ^j^alxll (jj.lJ LPl^Jl jl ^JJJ^jl .^jJoVlll ^)Lilkl ^Ac. (jiAxUXJ <J jj jl (jj^jj (_£,A]| 

Jo Vi 11 l^x-ajc. .^jui^aII (jj.lJ S JJ^ (^^Vl ^)J^>^JI JIa*1ujI ^-1 jl-^^ (j^ ^H^l C^l 

^juj^II (jj^jjj^aji _ NqJ N 4 6 8 Jo p j^ll J 4 - 4 Jon jill L— lie. jx>^x>ll ^Ajj^I^j^JI 4^ U(«]I A jjo» Ic. ^)J^VI 

.39 e^J 


A/ S (b) A /4 (a) 


. N$S N 4 j^aUx!! ^ jJl jbfcJI ;39 

;4_}]lj]l .j aj\ , II Lo^J (JSUlIj 


Commutative - £( a,b) = a ® b = b ® a = D(b, a) 
Non-Commutative - ^( A - = ) ^ £\b. a) 

Associative - A ® ( B ® ') = (A O ; : CD 
Translation Invariance - CD l.B + x) = ( A ® B)+x 
Z) c (A,B) = E(A f -B) 

Duality- ^(AJ:) = D(A r ,-B) 

JSb ^ Uai\I . q '1 ^ V- Ajilkll JSb ^11 ~ . -vj' jL> c 4_Alkil£ A C j ~ 1 ^ ^ A 

.AAkJI J! 

pVUJI I^U 

£>(£( A,B), B) ^ A 3t £fI>(A,B),B). 

: 2JU3I JfcJI Ai JSU3I 

Ae(B + x) = (A + i)SB = (AeB)+ x. CiASJ! JLII 


A . . A 


(JlLd A 2 J A-\ 6 j B (j, Al fol ^ J ^ Vi J^IC^ £juj jlill 

A c 4 2 (A is a proper subset of >4 2 ): 

D(A 1 s B)cD(A 3 ,B) 

^(Ai J :) c £(A 2 f B) . ^ jia 

; S 2 cSi S 2 j Si ^jAnl l ^ 

f ( - - B| ) D £ [ - . 3 2 ) - ^ ^aaLiLo 

CjL^joijaII 6^ I'^lVnJVi ^I^jV a 1 g '» Vi iajudjl d)U£j>a (JJVllI dlU^laj 


Dilation- A ®(BuC) = (A© B)u (A ®C)=(BuC)»A^ 
Erosion - A ®( B '- c) = ( A0B) n, (A0c) jsts 
Erosion - (a 6 b;>©c = a 0 (b ® c)jsij 
flB = (B® B©B®*-©B) 

Multiple Dilations - TOiiZ 


;c_ ajjlsull (_p asu i'U~ii tVji .Vincent ‘ . ^ ia^l CjLS^a ^1 Jjiaall Aj^>iaj 


Jalaj Ac. ^3 (jllJaflj (j\ ^jJaJ (_£A1I ^iiLLaua]| Ja^lj &A^lj ^ ^9^ AjA^ajl A ^ j; • 

M f aila^ JaL ?? ^j^jLa£ A-L^aiLft]| Jal^jjl ^Jj c_flJ^}Jtli]| lAA ^g llaJ AjbaJl A^J c > l^j Ail ^jJal^ll t Ac. 

7^ ^9 (_]^jaiJ ^JjoiSJ ^jl L-L^J 

^»Uaj jX AiLai^jl aJUJ! aAA tAjAa^ ^IaLo AJ lA^jj^aUc. ^j>a (J£ 1 a] aAjA^ajl A r - cJ^ • 

.CjISIa^VI 

dAc. ^jc. A_H!L<al 39 ^joj^)1I Nqj N 4 i— Ac. (j\ . B = ~B ^] A£Uale]l a <~- j ^ ^ jl • 

> Ajjl.xaIi^jl j tSAjA^x^l cAjA^-qJI 

l^\ 'Jj J)'^ l (_£a!I B (Jjball<ajl ^)j^aic- cA ix^ail^a JatiLj (J-ojAA fi^)^x*a l 3. ^ baAic. u*Vin>n°l Aj^)Iaj 

■\m eB c^aL^Jl aj^^y a CjL^j9 

B(M) = A«B = Au(A®B) 


Ajb Aj^jJalll aAA A \ n j ^jl Aiilk A-3a.9J tgJ ^lill -bli^jl Ac. jjxi'nxi 0A . ~ L (bjA^) )a 0A (j^ -4- 

Ia& .A^Jl Jabj ^cltxj (jl L—L^J Ja^9 # (j£l£)l jl £juj j£jl L-buo^J Lf^ C * LS^ Jal^jl (_]£ A_^Jl*Ja (j-<a (jjab 

^_ixJ ^joi^jl Jalaj ^<a VAj -ikil Jalij A-aJlx-<a CIjIxLjjjII (j-<a ^ 3 ILuoJ (jl (j£j<aj CllLaLox \\ (J£J 1 x>ijl 

^>ili at.A/x A/s J^l 0(A/) J! 0(A/ 2 ) ^ja ^jAaiiLj ^jl ^Lud^jl A ya»o]l cA_nJall I Ac. 1^9 ^^jb 

Ijjj£ (jl q x <0 j (J£Ull CjLixa j^)l j^-j (J^jujVI 

-C (jl ( f, 0 ” SlojSIU) AdikJ! JalSj ^Jajj ( ”1 ” A^l) Aji iUj ^ AJa^j kL - j£\ * 

3’1” A ^jq'l Aakb ^ajoi^Jl A-lakj aJaiijia 
^ x jd^Jl AJa.9-1 A_aj 9 ^XjJajj A AJaflj ^Jl cJajj^ajl -0 (^ M \ M A <<a iq\l^ A_jjIjj A-laiLi (_]£ AElL - (_)£l£j! * 

.”0” J) 

^LjjjU 4_ixa^j jll LjjjUll! Jl <jjj9tlxa ^Jb A/c=5 j! J B = Nq =4 J^V' ^ 

.40 Jj ^ba 4 ]l (j) . jstlll J 


m 


X 


J1 


. 

■I 


■ 


(a) B=N 4 (b) B= N 8 


# Aj^-«Sfl (j^ j^uijjl] JaLa^jl $4 jALaj AaL^Vl ialfiJ m ^utjlll\ ^LJajj * 40 i^]| 

^StUI f ) jUV' 

;^Jbikl A_ljAaJa (jl A jl^ ^JaUjC.1 ^jbj 6^)jo^a 


4 o:- +sas 


A * U\aW 


a«- J 2)4> 3 ^]*4«*-; ? «-A] 

j,--® 

iill A_^.l jJ A-ij^al \]l AidJaj 5[/,/c] 6 tLbuj cLlfl^)C. ba£ AND J OR AjIIoIaII CjLAa*JI * j ^ < 

: j^3l£''0 ""i" 

fl aeA 
lO a * A 


"0" "1" ^jakwlt ^alt ^.tjj ^t Dirac delta d[m,A7]j 


$u,k] 


1 j=k=0 

0 otherwise 


lLjj£-q OJ & i ) U &4 AjjUSJI 

+450 +*o 

D(A*B)— ^ ^ a [/, jt] • ib[»j — j,n — k\ — a © b 

t -~oo j~—m 


;^JUM CjjSIj J Ljajj <j£jaJ 4 (jl (j£-ad OR, AND CIjUUxJI jV 

400 +4SO 

D(A,B) = ^ a[jw - y ? n - A:] « fr[ /', A] = b © a = D(B ? A) 

k — ® j — m 


:De Morgan's Ju*iJ 


(a + fc) = a*& and («*fe) = « + & 

; JUM <_j& jl (J^4 JSlaJI <4*0 Jc. jUk^L 

+m +450 

E(k 3) - JJ(a[wi - j,n-k\ + b \ - ■/,-£]) 

Jfr— buj— ™ 

U - * 1 .J^S u' ^ ^al' ^Ic- j£)l tl^Aj 

jA ojj^a] AaJI ^-li^-sjl jUjAVI (jli t e.ljjlVI .lie. i(jL e-l jjMIj -_ualiJI ^ Uji j 

£]S Lai (jL Ic-jjLo JJ^Vl I (jj .e-lmjaij i_jl ( _ 5 ilal« f. I Jj]j lj jSj J (j£-0J — (Jstillj 

."1 " aiiai jr jU ^ <2i J "0" 

J^VIj ^LuaVI 

• U.-" ''(I (^gic-Vl C-iliall ^jjLa£- $lj2 £aa) j£)l (ji (j^ L j 

Opening - 0( a, b) = a ° b = £>(E( a. b X b). c uat 
Closing - C( a, b) = a • b = £( D( a - b ),-b) . 

;AJU]I La^J ^’LLa'^l 

C £ (A,B) = 0(A £ ,B) 

Duality - C r (k, B) = t ’( A‘ .B). ajjUj 

C»(A + x,B) = 6>(A ? B) + s 

Translation - C ( A + x, B) = C( A, B ) + x . jaili 


:(2 t^i 1 c^i) 2 <_si » jj*^ 3 a 1 <j;' J ‘2 c$ij ‘ 1 c$i jj^j B ^Avil l j ^iiii ^-LEaiU 

Antiextensivity -0( a,b)c a 
Increasing monotonicity - O(a 1( b)c0(Aj,b) 


Idempotence - a,b) ? b) = £>(a,b) 


;^ 2)£^2 (A-\ L>* A-\ u' ■.'■*'■ ‘ A 2 J A, A-\ JJ ^ J isi (jplc-iU 


Extensivity - acC(a,b) 
Increasing monotonicity - Cf A , f B) c C( A B) 
Idempotence - C(C(a,b) ? b) = C(a,b) 


4 iklAtl AjjjjJI AjUC' 


M jjj* *^l is ^ 0 (4 II) c>-^aK A_i]| SdTci (J^ j* Is jC- 4 j j^^all jl ^AlaLiJI 4 _L<a^)]| (Jxjuua 

jA joU^II j <£. j^^ll C_flJ^)3U jli i B 2 J B] ^aalalill jj^)x*aj C-j A S^)jjl^]I ailaC.^ 

r £ , (A ? B l )n£’ c (A c ,B 2 ) 


HitH'fiss(A f B lt B 2 ) = ■ 


^bJ-e^b,) 

■ 1 1 .1 — 1 1 . . _ 2 *'Ul x. 2 


nB 1 |j] jl "l^qxi jljc. j^^-gjl ^<U^I*_a]| ^3 jill (jUiXJjujj .6 ^ j.Wa ^ J Vi ^2 j B - 1 

Sl^)L^JL] ft jjg A&]l A-U^l t L-lllfl]! 4 _aj^Ia] jil^x>\l jjjjtlill ^lc« V (JxjuIaII # <6 jlill <C« jxa's^ll 0^2 = 

^jq'4" B 2 4-^ j B*\ l_JI£ Uiic. <Ua ^^LiLJI JaLojVl 


4_ujjLujVI ljUIaxJ) 4-ua^.k 


^jJVlMl ^)x-a[jc. 41 ^JUd^)ll ^-3 J)\ yi^Vl D^)JJL-a ^Ac- 4jjalLalVl CjLAaxJI dAA jjjJVl 0J jl 

.AJjLolLa <j!>l|jjl ^jJVlMl (J£ ."pD V M J] jjiiuLl 4 x>jq\l 4 _^JI*_a]| <LixILuia]| 4 qVi'sall 



i 

1 

r 


- - - 


- 1 -" 

B = N 8 = 

1 

1 

1 

B| = 

1 

Bj = 

1 - 1 


1 

1 

1 


- - - 


- 1 - 


(a) (b) (c) 

B, B-\, g 2 j^aUfr :4i 

.(jiaJjVl ”0” 4xukll j J jjujVI Cjj^Jal ” 1 ” AjjUlill *Uuall (jl c >% n«\ 42 ^*1 j5l ^ Ju ^ j 4aJl*-^]l jl 



B 1B2 ^ 2jiaU. (f B2 (e B2 (d 

A Q^Vkti 4adabj]) Li J^l\ CjIjUC' 4jlal ;42 

diLaL^j! blJb O' oA J^ld-V' ^ /il C5^ 4 Jon^JaJl ^Lud^Vl (Jj^aSJ 0)' OA A-i^llisVl A_AaxJI 

0^4 ^IjjSyi (Jij^aJ . (Jij^all ^ J Jo Vi 0 InC. ^ * u ^ Joj^k ^Ac. (Jiball 0^ ^ ^ 4_Lo£ dlljb* 11 bl£ *ll jJ /o^lx. 

^ic- V A_AaxJI m 4 jbc. ^Ac. ^Aax^Al (JHaII 4^. j # ^judaJl O^ (JjAAdVl ' A \jj O^ 

;4_AlAll Aj£>l*Al (J.a».j.vO o' A h\ m n Aai^^Jl jlaLV AAj^I Aij^Sqjl A )o yi^Jail Ajuj^\ iai^^Al Jataj m Qjj»M' 

M = A - E(A,Ns)_ 4 ^jX\ uu^ i 

J 

M = A - E(A, N 4 )_ 8 UU^ i 


Ls ^xi\ 

;4_JUll dllJAalbb ^gJaaJl ^ud^JI JAb OK kl\W L-flJ^sbll o] 

<>aS . iojuj aJiA j A ]aflj • 
t^jmaAl M i g^b" j!>Lk • 
(AjsI^c. jjJoll) A_ia£^UI A xu.Vig 11 A-iq^kj • 

A W^W c 2lA ^jJa jJ 43 ojj^" .Lbb Qj’q Vl\\ A-Lli i“ Unjl dll jlAVbll £>A 


(a)(b) 

# 4j^I1]| dbiklbl fjj\ hj% all Jliu :43 Sjj-uoll 


(jjjl^jl dljj I j£j>a Sd^.1 j Alad fi^ll^xLuj LL d4 jj (Jdd> ^jl (jj^ 43 , 43 ^jujjII 6 (JjVl (JHaII 

^(jl JJ^. ^LljL<aJ ^ 3 - lad jJo]| ^auaOkJl ^JA A-lod All jV ^janl jA {} 43 is^ . ~ 1 AJaLaLlJ g)al£jLJ (_£dll 

(Jjl_2*j ^5-^^ djlddill A_L£jud c2]ldA tllA ^djll ^ic. •f jai r , 4] — JaldjVI — ^dl (_]£juaj A_lo£^UI A x II ^k±jj 

(JfLiA ^lljy J <■ Og II IdA ^Jl (Jjj^a^ll 

lJzjxa S k {A) A^c-ji)! axj^>&]I . Lantuejoul. J-^ SdiLai^jl a^LujVI aJuj^ I 

S t (A) = £(A,fcB)-[£(A,*B)oB] ^ Oj Ik. i i i •"’• _ [ 4 \C'- jC|^| d t 

Aldlx^l ^j-<a .Ad jli S k (A) Ax. j^^ll (j! (J^S ]<^ ^ja jj£VI A xnqll K (jl L " 

(JjLgILg ;<dild t^jjl^jl <j^aj£jl L_JJj£ul (^^) L5^) -J 1 ^ B ^llalill ^)ks-i]c. <j] j' - ( M. 4 .". E) l "" 1 - . j'I { .-. . .". B ) 

;(J^dfcll A_ix.jA 1I dAx. j^^ll dLdi] jA ^ \\ (JfLi^Jl gj] j _ v w ^ j ^ j.*w ^j 

i' 

S(A) = IJsJA'j 

• * h£ ■ .^js* 

dale. j^^ll oil^ar ^jl AijjL^jl ^Ax. dldx.VI-J 6$.ld dbu (jl jj£jd ^Ix^aVl ^JutaJl j)L jA j A »j>nll ad^J £j| j ^dLa. jjI 

;K ‘B ^>jhn\l jidc ‘S k {A) AjKjg H A^jdll 

r 

a-U(A( a )®^ b ) 


Jir=D 


- £.ld Sdlxl 


dd^aj^Al diLllal^JI C t U*i"\ t ^AjsIjX. jj3*4l^ Au>d^Ul AjujJu^JI lafl^J V CtjL^. AjI ^ix. c^<aia*JI (J^jg \\ AdUj^all c> JiA 

.^1*^31 gi 

A_lxa^^l aJ UJ 1 ^ g)did J 6L_fldd^]l (3f^ (Jl ^A j ^>2d J 

[’’^jAisdll ^gic. V ” A_Aa*JI ^gic. Sdlaua c. qjq-sl" A^alxll 


Thin(k,B t ,B 2 )= A ■ HitMm(lk, B 1 ? B 3 )_ t 

^jU (jjjWi'l J!>ld J — tdddlill (dUxa jjl jd ^ aL^J^JI l B2 J B- \ dldc-VU 

<( 3flaJ gjl (j^d — A Kjg \l d)U>a^^)l 

B — /\/^ ^jJoVllI AjLud 6^)1 3x3 ^djuddV Udd^, Id] .^)dl (J^dj L_fldajJ g)l (j^d ^Ia^JI (jjJ^Xljl 

Adl^]l ojjj^II ^gJc. IjIj£j j ljl^» £cjdd ^1 DdaU£ t—Liidjll A_Aac. ^1 3^^ U^4 6 3. 41 ^ J 

*ld] -laiSlj Id] ”Q” ^J] ^l*d 3 ] A W<\jjl # la j^)d]| jdt J dldi ”0” A_xad ^J] A Ja^jjl ^daJ j 

44 - :^Ud ^glc. Jlid aJj 3*-^]I A_kyi dl^j] • 

6^13 44 - ls^ j) ^ ^ ,q d]l A-SI3] • 

^C 44 - :^lid ^glc. JHa la^]l Jjliafl^ Alafl^]! 3JI j] • 

^aSj ^juj^) 1I ^ jlddVl diVI-^ gj^a Aj!>Ij # ^Ja^j^]l (J£l^]l ^C-i A_Aa*JI t^)l^)£j (J£ ^ dlL^I Jallj£ 

Sd^ j A Ax. 512 cilldA c* % m (jl 1>J A Ixn^xall dili!!)llid V I j CjIjj^I Ud .44 

/DdALudll 3 jd^ AJ jig tnj (J-Axj g)l x>j IdA tAdljj Sjjj^a 3x3 odBl^lj 


Q 


AjI^JI A_kd ^c) A_kd ^15) 3j4Jl A_kd 


# 4jj£ j-a 3| 4ja&£)l j-a Ja Jill JSUll jbikVl -la j Ju l44 ^ Jl 


/tJjj^a ^g9 Jua^Vl AAC- L_jLui^. Aj J l-^ 1 a] A^Sa lAA a aAl^j A 3-> Vi 1 (J jiljud ^ajud^> (_]£ jt^ (JaaIlujI Ja£3 Ja^)j^]l jl J 
^jud^ (Ja jl^ cJaxIa] Ja£3 + jj) Jaj^jj^jl Ia] J ^Vt ^3 Ja. Aa^Jjuj (JaaIlojI Ja£3 (J) -la^dll jl Ja^jud J 
Jaj^i^jl 1 a] .dll V^ll ^Jc- l£ 131 AaIxaII dilalaJI ^Jj J A. Vlfl ^Jc. (_£ ^ (_J 13] SAiaj A Ja^j] Ia] (Jjjjud 

AillLiJl dJl^A^! £>3 a CjL^Ljaj] JaIxaII J] L_iiji£ a! jiLd m Ja 1£ ^^Jac. JLia m jli c^ajlIuj] (i + ii + iii) 

.a ,b 45 A J f^j^' ^ sUa*^ 

(jl&uVI) jjISU! 

(Jjjjoj Jc. cc_fl^)XA ~ x aa. JaI jl SAc- M jA diAj” Jill pld SaIc.] Jc. jl9 j JLi ^Jl cJ^-^ jA 

(. Lj^)xAll j] # a 4 j]l j ts-Ljl SaIc.] cAjllal^j! jLa cAUa jAjJaJ s-Lajuj! 5 Ac. 1 J IaJ 4_iajujJI 4_ilVI . Aqjl (J^S jA 6 (JIja1I 

lA Ia Asu . B Jajl jjua Ac. j t ^U£]l tJjj^a c tJjj^all S^Aj £a IaIi ^A-lllUll 4_iAjJ^AJL ^JaxA JajojJI 

;Jtill£ (_£j^)£j s-I^a] y!| I JaJj B ^jJajlill ^x-aAc*J ^ djtxjaj J (JaaILoA 


S :0 = [s** ® B ] ,-, A until 


: : .-} _ - : .-i) 


- kjj2 


(jdiil) Jjl^ 3 • A (J^ (I)- 0 4-Sj*-*!! Ao ja^n a! 1 jAjJa j£J (ju« jli (J^La) jaJJ Sjjj^I! ajb 4 J JIj (JfL 

; jl^ill (Ju^xjjojV aj jSi ja ciil ^ sac. . A/ g jl A /4 B cJ _>i^Vl djl^LiidVl .A ^3a] 

L- ll Wn jIjSj .1^ A^l^ A4jl JoiaJl ^AqK‘ 3' ;y^l*-<Jl (Jj3 ^ja ^-jj^a Ia£ t la-LuaJ fyi laJ ^gi 6 Vjl • 

. O(A^) ^gil u' ^3^ ^)l^)£liil L_J j\^ia\ 1 Jdtiljj f\l x N 6^)jj^al L—i\j\aC^J1 ^ja 0( A^) 

# ajlc- A43^ D^jj^all jUSljl d^.1 j ^j^jaj A-Ia^^I _^ 3l Cj* 6 Ja^Jl (jjataJ 

^a3j ^ajudjll ^>Jajl ) ^jVI fl Ajq\\]l JaJJ / ” A^jJaS ^gJ] oldj] ^3 Idl ^ja ^C. jib 6Adl!i3l • 

»l^jl Ja±l^)^3l -2aJ^)3l J] 1 JaUllA B (J^ £y* 33 ^331 -3ajJl (j3 (_£^)j^)jJa ^ja 6^37 

.4 

^ JajdJ ^ M 1 ” jl "0 M ) ^11 jLiidVlj ^13^31 a\I ^ja 4 Jljud dlfl J J jj£1a jA IaS tlj^-1 • 

.(jjjuJajll Jc. jblkVl ddxJ /djjj^oII 

jjldJl J ^g^Iaxil JdJl A^a^ld 

A 4 KJI a_Aa*J 1 a ,b 45 ^ Jl J .45 ^ Jl J ® jJ-^4Jl jlddVl s jj^a Jc. q/J a ^I I jdl 6 (jJaj jl 

^joj Jl ( J J j5ll aJac. jl \ ~i“ii) ^W^l ^ ^ q,<| uj^j (i +ii+iii) ^ $ ^1 AJakill Ja j^>dj a *s >>> ja 

ol )o» A« 6^)d3l d^)jj^ 3 ^l^V Nq) dJ£b 4 ^j14]1 (_^^Ia JU dJaC-l lA jl^^iVl 6^)jj^-all # Q 45 

1a 1£ j J 3 jdiJl ^ajS ,Af)\ g ill A^dlill s-UaC-V ^Usll Q^)jj^aS j3-A».luij tilli Asu Jj^aVl 6^)jj^all # A jjaVI jJlU 

.”0” ^ jjA-all 

AjdaU Jl L_fljj^ll jc. CjUIaC. ^a jIajIIj ^a^* 11 (J^sjg 11 j jjl£ dill c^iIj'aC. (JIaxIojI Jc. SaILoia c‘* ll jVql S Ac. 

^uo3 J Jallld c5jdVl 


o/o'o f 0 


^aIa J l jjll = ^aIa J l jjll ^US = Jj^aVl 

A jjujVI jjll — ^lA jjJI 6^)J1 = ^ a la Jl (J£j^J1 



N 8 jjISjII Jallj Ajlg_i]| JaULij ^ xilic 

. i +ii-^ j4J' . i +ii+iii-^ 

.jjlliJIj 4J1 aI :45 ^ jJI 

AuSj^ai) ^ JlajJl 4,^>lUa 

^jj^aUc- ^Jj 1 J^laajuj j^a ^)j-aVl 1 jojj] Cal_^.^)^j ^)jj^a ^i] 3*laj jl j£j^j ^jjui jjjl CaLiisu 

4_J ^aalajllll 4(Jt_^. A_al ^Ac- > £^j,'W < aj la lh^ j JaU^jl j*a Jj. (J-ajJaJ 4^4 ^lla^Jl 

o^)jx^>\i (Jx>dT 1 La£ CLjUjI^. 1 L&J A_pLa^j 

;A_illall AJuj^alU ^ )o» ^ 4 Dq(*} t^^L<a^)ll CaL^.^)^j £jujjj * 

D g (A,B)= max {a [w - ./ , n - /r ] + %: fr ]} , _ 

[Jjc\a ^ " - £jal Jj 

L-fl^L^a ^ic-Vl *1^11 j D^jj^all j-a A_^l j^ll A ^uo^jl £^a A ^[lll ,n] ^ll^ar ^Jl Cl||^j|^,'^j 

Ajl 3| ^]| A D^)jj^all ^a3 l t y\Uvj jl 4 t I^J (JlilaVl .A ^jVi\l£ (J.axHul^ B ^ J X K (3 (jAua Cal^.1 jVI (J£ 

La£ 46jjj^al! ^l,XLaV jUa-xJl ^ij-a^jl ^1 A-IjouIIj ikj^£ jl <» . 1> J jt J$3 iilli Asu 6 A -I M X A/ (J >a\l £■ jLk 

. HU 1 jl 4 * I'N j 4 jjljuJ ^juiS ^3 L 

;<3^ (j-® ^ ^ 4 Eq(*^ - ^icr (JliLa j 4(_£^La^)l! (J^Ij * 

£ 0 (A,B)= mitt {tf [m + /,« + fc] - b[j, fr] } 


[M>B 1 


- jsta 


A_lLaJl j-a I^jSxj Jj£l — CjL^.j^j jJaj — (^Lajll ^LjjJ J jll CjL^j^j JSIj jaj AajU!i3l 

;AajU!i3l 

( A , I ) — —Dq (—.■■., B ) _ AajUii 


a[/*,/c] -> -a[-j,-k]. u i^ M -A”^ 

CjL^.j^j (j^lc.jj (_5^Lajll CjL^.j^j ^Ijjfl! <Jla L_lUall CaULaC. L^Jjlau (jj 

O 0 {k,B) = D 0 (E^k. 3 ),B). z \^\ 

C 0 (^B) = -O a (-k,-B)_ £^\ 


(jjjWi" aJjIS \ j ^> ^1a j 4 A Silajjl 4dulall JUI Jla (3^^ J ^ aa^ jJ (^aJi A a \\ 

CaL^.j^i3 Aj3^)j^all A_^JI*_a]! 


(JLoxJjujI Jaj^La (J£julJ A-iS^^a]) A 'vlt * a! 1 ^)&Ua]| ^jqjrMI (Ja 

.0 = ^ = 3 (JI-ajUjui] Z- AlLuLgjl 4lc.jJjui .b\j,K\ = /p[— y” 5 — /c] <UjIaJa]| 1C. 

; Jl (jl aiaJj Jjji <— SLJ^)l*jil 4 C[y",/c] J 7^ A_ijIj ^_a!I (JUxxjjoiVIj Ait-^ll 


D r -.(A.B) = max {tf [w -]\n- k]} = maxf A) , 

Dilation- 0 ' [/*]a l 1 J ’ JJ j> ' 

£^(A , B) = mm \a [m - /, n- £’]} = tninf A) . . 

Erosion- c [M]^ 1 1 ‘ JJ « ' jsu 


Opening - 


O d ( AjB) — max(min(A)) 


■tlisl 


Closing - ^g ( a - b )“ m s in(ra 1 ax{A ^ 


jiiii 


^JIa J l C1 jL^.^)^j £juj jJ Ia&4 JLa ^jui 3 J 4 J^Vl ^jui^)a]|j ^ x ta3 V I ^juj^)a]| <jl A^gjL^JI (jl 

aJjaI .SisUll (J^.1^ "0 M Aj^I-aJI A aJL ^juj^)a]| alsU (J£juiJ ^JacJI (jda-All \ (^£JIa Jl dlU.jJj (J£ljj 

.46 ^3^ ^jaJI ^UjoJ A JaJjudJ *1x41 A_plJ SJjujI Jc- c -— J a* II a*l& 



<_P^b c 1 ^! 15x1 jj&s (b J^tij 2 ^-jj 1 5x1 jj&s (a 

" (jSLajl] CjULuI] J. j*a]| ^oJjjiS! ;46 ^ Jl 

(J£ju1j m A* ill Aj4jJ Ju 4 Jl (J jj^aLa jIxjVI JU4I J*lVl jl Jc-Vl *1^11 ^juj^ja l J X K 4 A IjA’uma SisU] 

djlxLj jiill jL Jxj li& j4l J£ja 3I J 4 . r"^3 J Jaj ^4-J j*iVI J Jc.Vl *ijl J ^jajaII 4 joc.1 
13 J J*^jl *1 &Ljoi) . Kj J Cf* 4 O A_kkj (J£3 g-J^ ,\iq»1 l^J Aj^Uijll ^3 dj^l£lj3l J 

( .' J -^ 

.Laplacian A^^ri j JaaII ^ja^i 4<JiLal a_i3jj^1I CjUajjI cl£^ (jj3^jc.^ll CjLAaxJI 

4 ** l\ *S fc J aII 4 CjVI^J 1 3 ^ <J ^ J c 5 ^ 1 a^) 1 | CjL^jJU JSIj J JjoJ jj] QA 

.(Jl ^ a\I ^Jaljaaj Llj^l j (_^jj^aall 

Ij-ua]| jiuaJl 

(3^3 ^)A Aj^ 1-A ,jjjl Jq^j ^i]l ^1-^] iJ^A C5^1 A 1 ^^ O.Vv iv*IA A_1 aJ^)I 

3 ^jJ^VllI (J-oxljudj . Cll^J ^a (jilc-j (JijLaJj ^ [^JXl ,n ] ^ ^JajuA]| ^Jajoi 

.AJt_lx^all ^ic. AiLol^I 

MorphSmooth ( A , B ) = C a ((^(A,H X B) 

- in in(max( ma x(m in{ A ) ))) 


.Jajjudj ^j 3 j ^1 pliiy min. j max ^UIac. diaJ g ^jAvill (^J3j!i3 !) <c.ja^a U *^3 UjI 


Jjull 


AjJ U& ^ joull .ftl^jlj ^)lcLo 3. £-a <2k.j^j) JA^J! ^cJJJ ^jui^x* tAJaaJl lIjL^juj^aII 

Cy* 

I 

0 ' 


Gradient^) = r (D a (A,B)-^(A,B>) 


= ij max(A) — miii(A)) 


cAn^t Laplacian 


: Jj 3 c_a 3 *^ ^ j^a Laplacian u) 

Zxi/rfacjtoi(A,B) = L(D c (A ? B)-A)-(A - £ G (A,B))) 

j- 

= i(Z 3 e (A f B>+£ g (A P B)- 2 A) 

- 1 (mas(A)+min(A)-2A) 


ij-ua]| Ljl^i jA) ^Lua^Ck 

(jgk diL^aj 3 x 3 diA jc. jjjAI ( 3 ^ .47 6 ^)jj^aJa Cl ll & 1 & (jl 

c ,d,e 47 ^ J .% 99 j % 1 lWj*^ c U*^ jc-V djild A jtL> e 47 JAJI 

.34j 03 <31 e lSjVl <J\ 3 4A 



(c l)^ (b <L^ (a 
e) Laplacian cA (d 
djL^pii] cA ^ Aild ;47 


*♦ 



qjAj # a hx a (J£UjL<4 (J^J l— iLuajll s-Lbl (J^xiLujj ^J\ ^j£^j (3 jLui]) 

(J^LuIaII (_)^J ^ M Xl& (jl (J^4 j f UiAj Cj|j aJUII 2lL«VI 4 MW]' 3*L1« 3* J] 3^31 <>1 jial 

31 c.li 


JJidl 

6^lc.j CljUj^Jj ^juAjujI j)J uiaJ • 

a! judk^yi • 


jji^i 

Cj^LJI ^1 IjjSS <^y2 - jjjj^il! <11 j COS-LjaVI C^qjq*v\l ^Ljaall ^ ^Lut^VI (J4J (_]c.li!ill — ^lill 

IaJJ j j^^all ^ Ajla^ Qj£j ^3 6JJ>/lll ^J.0* J ^^Jaall (JL^G _jdC- (J.^^ D^)JJ^all J L— Ll^> 

c_ijL^ ^ *JJ k ^1 t(_£^)^,VI ^3 > ^)lsui]| (Jl^a 4-Sl-^ ^Jl A Vn l aId ^ ^^3 (jL^akl]| 

^JJC^JI ^)j j ^ Ai AJI 4 _JjujLuo^. SpljJaVl A JJ x *' (j^£j ^ (Jjlialill .(jxijVI L_ljL^Jl LS^ ^)4^l J _jLaull 

# 4j L_3 ^C-^j ^)JC. ^Jl (Jjilaiill ^jjjIj Laj-aC. # I^Lat^ll ^4 m^C^jl ^ ^-L^.^11 ^Jajuj ^Ac. ^JG-J 

L Og \j j& s jjj I a^- 3 jl ^jjj^gJI (Jjl^ (jjfL Ui^ic. L^a 4jL^A)UI A 'sit » a\\ l^)Jj£ (2?^)J^) 

J^IIaj ^Jj-4j 

^-liv a (x ,y ) £-* L-flC.1 i>kA j£JdJ ^ D^lc. (3c.l^J ljl(x,y) .cJjDVllI jJjti] j-<UJ 1^ Laj-aC. 

:b (x ,y ) ?jj^' 

&(x 3 y) = /.„ (jc, y) * i7(x, y) 



• Jlft 4 ■• -V j.Alll 3 jJ 3 cilLlA ^JUd^Jl (JjlLdj] 

>'(-'■> v) 

reflectance model 

■1 

absorption model 

t't^V.V) 

fluorescence model 


,<*JuJI iiUll jjSji c (x ,y) j <alj£ll OD(x,y) ‘<_>»l£*-iVI ^ r(x ,y) , (x ,y) ^>*3' ^ 

Ja ^ aLolJ ^3 JJJ.^MI 4_ll Ja^3 (Jx>^j <xju!a]| d^LaII ^ j jj*j ^jU Ja^,!>U i j£c-\ 3^ •'''.' 

: JU31S ^ 3^.311 

c[m, n\ = gain\m , «] * b[m, n] + ojfset\m,n\ 

Total shading = «] * AJ" 1 *' 1 ]* a l m < "1 + 3^1 1 

.a [m ,n ] J) Iill [m ,n ] u 4 y^ 2 - 


l_luo£uJI ; JJJkill lS ldl£ ^ .c [m ,n ] dp a [m ,n ] ox jjpj 

{gain[m,n]*lji[m,n]} and [offse1[m,n]} 

^a^pij A-kl^l A_ll_aJI cl g » a (J-^j C [ill ,11 ] Alauaudl -laiis Ukac. ^jU ^a^)jiu ^JjVl A^d^ll 1 Alll 

>( jUn^l jJaj AjAad t Jd joij (jl (j£jkj gjU 

Ic. jjjuj JsVl Cjl_ijl£^yi (jj .c [m ,n ] dp d)p^ j^j dP^ aJL^JI <>aa ^ - ^JVaIujI d)p^ * 

;AJU5! ^ 

J l I'-vNf 1 ^ ^Jj JLSj (^JiLdal! £j\ C-Lia. Q [j]Q J A_I^9j^a-a]! A A. x L-buo^J - ^AaVI kJ^P^ ^jui^xa 

C [ill ,n ]dP A-kx^jjl ^-^laj /o^)jx.^>ll A jqlk QjSd C5^ SJjj^aLo aJ jq^^ll Ajauaull /c^jj^all 

•AJuj^all # DO AjjPa^ll A^aJ^jl Ajjm tiHA Axjj 


Lowpass- - ^] = *I/w f n] - LowPos${c[nt,n]) + conn taut 


5_aj^Lal! 4jjl£^J! tlibjjjlL cijc.^l ( _ s j*j ^iLall jLk] .a [m ,n] *- 

\ a ^!LsJjaij ^J_dlkl]l Ja^^juj c ** jj 


o * * e * _> 

SitLja^i jjjU^ji (jxi Jais i_alLj c[m,n] u^ ‘ offse1[m,n] = 0 Jj-^' '\' ‘«uW Ja^^b - 4al . jjlLall 
kU lii _ Clj jlijj V <jAa jAkall dp a[m,n] {gain[m,n]*ln[m,n]} j^Wijk'Jk? 

w -I . ' (Jjljaliil .^llc. S- 1 ^^ J £^Jalj ^aA .1^.1 ; (j3a^}Ja]l C[A77,A7] 

Jz. l^A .£jj»«oll d^Ic-V jty l ~^iL) , ^ s Pj 0[ /T7, A7] 

r^JUil < » _i^all .Stockhamj Schafer ‘Oppenheim <> j_k^ ^ Ap- 


0 c[tn,ti] - gdit^rn, rt] ♦ /,.,-[»». n] * n[m r n] 


it) ln(c(w,rt]J — ln< 

■. 

gam[m,n}» l s [m,ti] 

i. + ltl< 

r- -1 


V 

ah'L'tf'jy C'il^rTlJ^ 


p^iplaLhi 1 >iii'> , Ji f i.^ J 


is!) HighPctss I In i c[m* m]|| v In {a[m 3 k]| 
(V) a[m. n] = exp[/f ighFoi't^ In |c'[ ^]jj| 


^Lud^Vl ^ (J^ (J^jdall ^jl dkia. Cf/T?,/!] dP AJ A_kjo^]l A^l^ k h^l — 

A jql^J A_1 A_kjaii]| a jlA # A_1^1 j«_a]| Ua£ ^juj^a (J-<ajtjj^Tj d^aII o d)^ 

•A it u^-all , -i DC ^ A_aj^]1 A 4 *-j cilli Asu 9 r fffl j\ 1 Ax a A_1 nq^^ll A_kju4]l t- daj d \ 9 J^all 


a[m, n] = (\m, n]- MorphSmooth{c[m,tt]} + constant 

# ^UalA^U ^)j£Vl ^al xti^kVl ^^a-kj ji) 'Aljp.^ A_xd2)L<a]| ^i^j^all ^juj^xdl SAaU ^)Liik,l 
JSH\ AjVqlll ^jU c jjjj^alill CjVI cJ^k jjj^aJl (^Ajkad^ jblkVl Jj>^nl jA IaI - ^^1 nud^l dl.P^oJ^ * 

ibjjJi Sjj^ali ji . WHITE[m,n ] j BLACK[m,n] - cpj_y^ < 31 ^ <J J3kJ' 5^'jV 

t)\ . BLACK[m,n ] = offse1[m,n] t^] l5^j« b [m ,n] = 0 J) ^34J' 

laX-j 3 . [itl ? n] = 1 o 3 ** ' 1 

:J^\ Ak blli ej^n i . WHITE[m,n ] = gain[m,n]*ln[m,n] + offse1[m,n ] 

c[m, n] - black[ m,n 1 

til m t n I - co«,s/tJflf * 

»'fflre[iw ( n] - ELACK[m,n] 


4-g.n (JJJalill .48 f&j ^ > >*j i 46 ^juj^II Cy* diUUJI ls^" clAjjalill a^A CjIjjjIj (jj 

.^pal^c-Vl j jj»M G3.USSi3.il Jxulj ^Lai^.Vl ^(jj-<ull J] jLoull £y* ^J**Q ( 3 ^-^ 



J^aVI 6 JJ^a ( 3 ) 

cr^u^j^l jPjSftj (c) Lowp3SS cP^VI jjj ^\ ^ ja ^ ^^ 1 (b) 


300 

' Morphological Filtering 

300 

' "Calibration" Filtering 

HO ■ 

S ™ ■ 

j 190 ■ 



290 ■ 

S ™ ■ 

j 190 ■ 

: A 


: JU 1 

L,^ 

J\ 

L _ 

■F 100 . 

tt 

90 ■ 
0 - 

1 

T, 

■F 100 . 

tt 

90 ■ 
0 - 

: T7T. 

c 

) 90 100 

190 200 

c 

90 100 

190 200 


Horlzontd Position 


Horlzontd Position 

jUikVi jj^j (d) Max/Mi n ^3* t* (c) 


"A IX^KaW J^Ualll j CjLiajjIj^ AJjULg ;48 ^ jll 

(JjJa^VI (jU 46^)jj^all j ^ jjujVI .Ij.wMl C- (J ^A I j] <jL (J j£]| 6<j^a!!/Lk]| 

.^5^kVl djLixijjl l_l^j <jU 4^j£^ (JjjJ liA <jl JU> j . ^^ViVuuVI ^I^VuubU 


dJlC'VI LjU.-AjJ ^uiLuiVI o^a]l 





S^jj^all t/T\ (_>axJ gJ dl^Jjj^J (J ^2 ijj^aLa (J£ju1j^ 6^)jj^all ^Jalililj^ L-jt x >n^ j A j\x>C. J 

<jli s-Lja fi^A L-lJjudJj 44 _aj2/Lg O^LjaVl C ^-jjJa ^11 ^a^C. jl S^)J^]| (j^ ^ .ftj (J^Lulxi 

I c-Ju -^A QUnVill L jaAA (jl . 6 jtai]| IJ'N (Jj^aVl (j-a UJ^ (j^ ^ Vit ill 4 -Lg3^)]| 4jc. ji 




QA *±1 — ja sjIc-VI gj .&[rn,ri\ g£i gj-^ SjLuJI Sjgx^Jl ^-UjV — c [m ,n ] 

(jj .a [m ,n ] g* a[A7?,A?] gi*^j Jjaal ^UjV — c [m ,n ] s 

^..ii^ ojlc-V I g] ^(_£]Ia^. gjjud^all 
B[ui,n]'. j a [m ,h ] 4.iL«aVi ajj^ll g^j tlxiJI gjjULo SjIc. gA SjIc-VI 4_ Aac. gj ^-t^jll gjjULa gj 

gLaijV! j^VI c^gl! (*lb) g* ^Ua gaJ .E{a[AT? 5 A?] 5 a[A77,A7]} 

* gV LagAC- (J^JtlLujj ^jug^]! AJajuj^Lall UaiL]| A q ilaj gj .UajLlI ^ ^jqjJ 

$IAjI JUd^i ( a J^-JUdll g^d • 

IWifcg gi u^4 g^i Sa. gi ^j 1 i,cu>> joiaLi j cJ£ll^U aIAI • 

t ^K]| iLiJ! g "s jjb aSIL" • 

. Parseval g*jl IAJ • 


;(Jj 3 g* C—flgxJa £jgAll iajujgJA]| UsuiJI gj 


| M-lN-1 

E{ff ? a} = -^7 X S N™*"! - 4*V']| 


galgC-Vg ggjgjJa gg£jjuj gA g^Vl <g l AAn SggggjJa ^ gULo CjLu3j 1I g>>» J 


jJLSI f liLvi 

.ggj^all CjUU. ggu^i ^Ac. Sg^tall gb gju^ol 1 Ajgj^aill Ajc. gj]| gjm Vil < glgc. gj gill gjgj^alill £ja Sggg jui&JI 

r^Tgaj tillA *lxjg c lA^^cxiaJ 6Dgg*^jl djliL^Jl (JgC. V gl <gxj AiL^jl gjxnVi eli^j ^C-Aj a jVqMI dAa 

Jg*^ J*-^aVI <JVI ja Laplacian <jl 33 g 1 ^ J! i> 

;<JU3l 4 j villi ^j Ijg3 11 a >( gjUigll 

j? ] = £j [m 3 n] - ( k • ^ J n{ jh ? j? ] | 


.49 ^ ^aIAj 4jVqlti 6^A jjjb gj .]<;> 0 J gnsu ]^ gnst^l gj 

.k = 1 j^j 48 e^J jJ' Laplacian 



t>4ki Laplacian 

djj^il j-6 AjjU^)b A u^all :49 fjai gil 

f Lua ij-u^JI £*2 


•gjc. gj ^ij ^joi3(;)Cj i gi g^-AJ ^.LJa J^\) Sg3 jlifijl Clil jVqMl 


A_lL<aJI CjUaJxAll Jc. 6 ,llLaL^jl L— iLuallll • 

.A-CliLUl CjLqjLuoII Jc. SclLuJI CjLuilill • 

(jjoij Jc- JafjJallj ^ jJaC j a j3jl* {3p[/T?,/l] | p=1 ,2 , . . . , P} JJJ^all Alodial <jb A_ii<ajll CljLajlx^allj 

^jli 4&_al jJa^a $.LjajjJall Idl j AllaJl ^A oCA I j) .(JalLuLgjl ^LCa^jCgjl cill^cl ^uj Ja^3 4 ‘gVicC 1 ^LuoaVI 

1 # 

a[/M, ??] = — ^ a p [m, n] 

Temporal averaging ? p-i - 

^jLa^all c-fll^aCVI 4(Jda AjI ^Jc- 6 Alaaj JS1 (jjCj (j j)5*i * A Jaaj (_]£i aJojuj^ILUI 4 a iq\l Clua. A y in ^Jaxjjuj 

ff/VP J! 

^Jc. iLdj^aC- Cl ^ |jlA ^Caoi^J U^ojCLjjJ (j! J ^jt^ajl JajujJjl ^jli A ^jjill dl3j^l! JajujJjl Idl 

dlL^aj (J^bill CljLixa^^l^a. ^A JajujJll AajJalj Cljl^LnaJ Aju^I t A_pla. A^aj3 4(Jla. AjI 

* AjIUII ls^ 3 (J^UUI ^joiUI 

Gaussian £^j*- 

4 la a - 

‘Kuwahara 

. J 3 ^ U^ajl- 

A-U^ (j) .Wiener ^ )n* xt $.LjajjJall C^a^J Sctc.^11 JllLUl ^juj^UI 4Ajlaall CI3UI L. H^a jACa (j-<a 

(Jiij 4 ajIj^j cjl^iij ^^gjtjj^jll 3*iall ajIac. 3V .(mse) ^cVI Ua^JI £0^ jib ^ ^ Ua M Jlib” 

S-U-a jjJqjlj J JJJJjS (Jlaxa ^3 jj-aJa Wiener uj .(rms ^ Uiajl iauajlUl Uaijl £Jj-<a JHUl ^Clj-Ul 

;Aj31j 3I AjUj^alU AjlaaJa ^A d^LjVI (j^ A Vq‘unx> jm'i ^lill CA*<ll t^xall 


H w {u 3 v) = 


SeM*} 


S'Ju.v) + S^Urv) 


AiUall tjjjalaljS Snn{u,v) j {a[m,h\} JJ^A\ <C_^J AlUaSI cJjjalaljS Saa (u ,v 

J&Jpl (ji ^)JC- 1 j\aC. _ Saa(ri)V) = |/^(L/, l/)|^ ul^ Ij^jc- (jl£ IjJ ,A-ljl frLja^jjJai] 

(J£jCj J AiUall <. <ajJo <aU£ l^J ^jj^all ^j>a CjCjUI ^jV .Aj ^L a pistil S^jj^all AiUall (. <ij]o AiU£ 

.Saa (u ,v ) dU^UU <jl ^i^ull tUli 4 T .8 - 4 Jj^UU 
^<a o^jCLia Wiener ^-^3^ .50 ^3 ^^l caI^jHj l 33^ diL^a j ^ill (jj^^aJI a qVi^^ll cUjVqUl Aj^lifijl 

jl O’ Ual^ A xajq\l 3I j*i\j ) Cj 33^ (33^-VI djl *s /li^xall (J-<al jjUI .U3C. ^.Lja j^>»\l c. <ijJo j S^jj^all c. <ijJo .a 1 cI*_UI 

.UjUl rms J) ^1 (sialyl 



Gaussian £>?ja (c Wiener (b ( SNR=20 dB) *U-^Caj s ( a 

rms = 25.7 rms = 20.2 rms = 21.1 



(3 x 3) AA f) (3 x 3) -1 ( e Kuwahara (5 x 5) (d 

rms = 22.4 rms = 22.6 rms = 26.2 


.AqfAatl CjLjAj JI^jlLuAj fUa SLxL\ *50 

A m x>ll 4_j^)tLa]| .50 L5^ 4 flUaJall CjLa> J (mis) ^ U-vl 

c-jWj^.yi u - ? l£' u-? J 2 i Ooa* Wiener 
.lS 4j^\ <uLlL!>UI ^\iA\ Jjjai! cA 3 j*-^ ^ ^Gaussian j Wiener 

Ajja^J) (jUk)) 

L_flx*aj^l <jli£3l 4_i3 LaJ ^)j W lx> Ldj^C- — ^Lja jjJalU ia£3 <J 6 ^)jj^]I ^aJ — a!)lc.| ^*13^11 

j-aj Ljajl j s-Lja Ja£3 (jj^ul ^jAjJalj 4 j* 3| j .4-LG3 ij}jl d^)jj^]I Ajjjujjil 4 jiJLaJI 4 

(j-G |jjj£ (J^lxloL^JI J ‘ 4 6 6^ CLjUj^U 6CjLujA*JIj AjjJuLil] 

\m,n]K*\^j^!L ^ ^ (A-ui^t J^») h 0 [m,n] g^ 33 ^' a [m ,n ] 

^ (_£ 6 1c. ^Jjuj A^Vl 4-C«j)X>'NX>\l ^jl # 4jLLudll ^aLul S^\ ^3 g)jj3 [/T?,A7 ]k , /7o[/T?,A7] djUjudll 

^LjaVI 

c| m, n ] = (a[ m, > j ] 1 0 4 [ m > n ]) + *1 w > w 1 

: Wiener (^^Vl Jajui jiLa Uak j*u> i ^jjujaII ^Ac. ^Vuu^jl s^lc.yi s-Ia^] u] 

tf>,v)5 M <«,v) 




(«, v)j 2 (u. v) + 5 iir[ (w, v) 


tf,(«>v)| 2 


/?;(«, y) 



0 (u, v) = j ^Lja^all asILJI l_l1i Xh\!& Snn (u ,v ) ‘L>j^ ^Llall < 2 ^ Saa (u ,V ) S J* 

S a a{U 5 ^) ( r J ^ UJ^ 3 l£A <2ji=lA3! CjVUJI o^xA 4*u<n\ \ (j-^i F{/?o[A7? 5 A?]} 

lJ^ ‘ 1 /o(l/ 5 v^) (J 3 *-^ Wiener c r^ 3 <3^ j K> u j c ^ ‘ >> S nn {U, V) 

l <ij}o\l ^ic. ^laJjaiJ ^.Lja j^A\l c. <aj]o A 3 - ‘Saa (u ,v) «Snn (u ,v ) ‘-y^ h'^ j^' ^ ^4 A' 

‘° ( u > v ) = 0 A 3 - *4"'^ A' A ^ i o*(u, v) A Wiener A '■>• ‘ JA' 

w{u,v) = 0 Wiener 

I (JLaaJxuVI ,^1^- * 4 K .‘'~ *\ Wiener ^*4^)4 (jj 

tillj ^jCo^)4 (_Jj 3 (_j4 J ^ *a]' (Jlxdl .da^ jLl3L4 ^rniS J') ^ ' ■' jILdl 

.51 j^j j»"i A A (j) .SNR = 30 dB J-^V *■' k ' i jj -" 



(3x3) j* (c Wiener (b j * jj^ (a 

rms = 108.4 rms = 40.9 


.lout ijIaII j Wiener fLua j *Uj2iu]| *50 

a > jVi'I Ajjliajl jixj $ 108.4 AjjlLJI Jj 3 (j£l Wiener JhixiLub ji*j rms 
jA Lo^l lajujjlb 3x3 (JbixlLiuJj .27.8 (j-* 4 -bjujjlLa Ua^. tgJ b 5 1 ^ AjJ ^A Ltt^] 

^ jlU .Aj jllbl ±\s&\ 35. 1 j ^ d* 40.9 l>a rms J! l£4*j c51 gi 

^ b-vM \\ Jcujjj1a]| ^juj^a]! 6A_iLxiJI d iLa. (J^ Ac. ^j-<a rms baa. ^^Jaxj ^Viener (J' (j^ 

A-Skjlj m Aj^)ju^]I Ajc.j^]I m t A-iba.^ A jbc. A joiij A_iLax]| Aj^jILq (jl .rmS ^ LS 

^ laaJl ^joi^aIIj C1l<4^3 Aj^)j^ AjC-llLaj^al ClsLalljl L. AJjaiJ LiJ^a. .W4ener a a^iij ^ij *£j^)tL<a AlajaijlLbl 

.b 5 1 <Aj j^Lujll ^ j 

^LuiAjVI 

.^Lud^-Vl A_iiLj (a xig x>\I) ^aLbAYl ^aljud^i (jdJ (j! (j^bj bjb (j-G gJ ^\ xu^kVl CjLAaC. gJ 

^LuoijVl e* iljVql ^jojU &jC*±a SjI c. ^LuaVI ^Loiai jLajV (J. a *4uij <^11 i - * iljYq'ill .A-iilaJL (_^^Jub ajja-Vl Ax.j^'sxh'l d^A 
(j-a (,]4dlP] (J^b L)^ Ha . (S^jj^all A jqj'S) A jfllaJI g) ^ A_a^_a 1! ^LotaVl) ba^Lbl ^ x nVl - 

•^JbJI ^_a ^JJ! ^ .^LuoijVl a ^jTi a_ic. jj ^jjjud^j] cjLualill ^.Vquti j - AiL^J! j AjiixJI— Ic. e* iljVqMl 

t jjj^II (3S ^glc. Ig qjjb’i (j^j j ^tc. <Lli e l^j A_i&i cilUA • 

^Ajub ^bjoijj A_iiaj ^.jjV • 

AjjxJI 

5[/T?,/7]v ( 3 fla^ j Ajjc. ^xuoiaII 0 (J-dlxSl ^JaLudJ kx\ oAlLaui A jVqMl d^A 


If a ^ & 
Else 


i7[m f fl] = object = 1 
a[m. n ] = background =0 


A aU^a Ajii^ ^lc-^3axu A \l ■ . ..■vVl > a Ijji 

;AjHj1I AJua^II >i'i Aju*Ja-o Aailk ^ic. 4 _ ( lx- j ^ 


If (ifjMjfl] < & a[m,fil = object = 1 
Else a[m, n] = background = 0 



^)Jxja£ (Jjaj (jl (j^AJ 6 ^jjljjuj (Jj^aall 4 Jt-llla L- Ifudj M 4 jot's.™ jj "^" Aa^/IxJI ^ul2l <j] 

laJjaull c> jUl n\i ^jjc- 4jjAaLk ^ic. .IiLaa b t ia^jjuj i Cilia. ^ja .’’O” M 1 M ^q3Vi<Q 

.(Rec//iess{a[AT? 5 A?]} >= Q re d) ji ! c JHaII Jiia is^) 

(JaxII ^jajJoj (_£l]| 4 m \\ jUi^V ^alc. c2li& (Ja2 Iaiij ^ flat ll ^jtiali c. qj^ ;^jua3J A ±ix \\ ^jaLaVI (JIjjaII 

A \ f\ ja! c2li& 4^)Jtroll (_]£ £A 

(. Aj^)xa]| ^ja 111 # 6 ^)jj^a]| CLjUUj (JfljjabQ (J^judJ 4_ik^JI (J^jtjj^Tj ^jl (JjVl (Jj^]I - 4ajIj A nc. • 

AjtJaLujj <jaijl^l<j 4 -lilaJl j 1.1a. AaIIoa ^at tu'sVl <jl Cilia. 1.1a. ^Jlc« CjII (JaIx^j 

^jlj Ls ^*-i <§ 21 j aj& Iaj £ 3 ^ uj^ ^ 255 b 0 CyA o 2 -jLo <ja 128 <ik^JI <jti djia. 

>( ^j,ll .laA ^ <jl cl I'nj ^JaL^. (J£jaj A qn<o2l Jal^l CCc. 

^jJauaill -Mo-Ca ^ja S^jtiaJo A Six. \\ ^CliVl^ll ^jl^l C 5 ^ ” ^ * >i a IxIo-Ca <ja A ClACk^jl • 

^jL^a^Vl -lalaaAi j S^^Agjl \& ~ 1 x ja 3 J (_)^^ '*^)J 1 jl AaIoIa] ^jI j. * a^Vl 

.52 J cs^ 

{ /7[ib] | b = 0, 1 , 6(_£CIa^) 1I Clila.j.2 ^gjl I Jaixk-all ^ja pCl Ull 4 m 'I jLilLV CljUjalSI 4 \ fs hn 

(Jqx^o ^<j j! oIa ,!Aijuj| ic-^jjai ^)j£Vl CljLna^JI ^ja j __ 5 2 e -1} 

<*JUll ^IjaII o! C—l^j V (Jil^all U ^ 3 S^istj^all Cl ll ^LiJl ^jUax^VI -lala^-all CIjULij 

;5 jl 3 (/j/ 2 a 21 ja Clir^. ^^ILujI SilaC.^]! M ^)L^a M <l^.^)^jlj (Jix-all 


1 


I I )/i 


•’?,,. 1^1 • I'U*-»‘] 


1 1 ■ 

lr w=-(ff r -l >/2 


w odd 



h\ll£> jCjlLuj AjjxJI ^2! LH2I LUI£ jnfl/ ^ ( a[/T7,/7] < Q ) di^j Ll^JI :52 ^ ij2l 


b! .Calvardj Ridler 


<Jj3 (Ja dlj^ia <Clsdl jblkV AjjI j^2l 4 jVqMl oIa - CljLhsdl lajuj jJa 4ja jjI * 

^2 j^Uj2! ^CaII c q > ^->’i iq = 2^ ^ (Jl - ® 4_ik^jl 4 -a^ (J^-axJjaj f k tl>q J 

^al2l (rrifo) 4 m II JnjuJ JJA J 4 _aCL 2I Jallij ftlinjll Aj^Lg^)!! ^1^^ (Hlf 0) (j) 

4_iLi*Jl ^jl Jnjuj jJa (JCjca£ (jVl ili Vi 0 4-2^1 # 4_Jjjai^A 4 jilaJI Jallij 4 j^Ia^)1I 

;4_JUll 4Juj^all c t u^ 11 a # jj£I jlsu j V 4ajIj 4_£l*Jl Aaj 3 44ix]| ^jjlajyij 


^ = ( m /,t-i + m i^-i) 7 2 unft7 & k = d i-i 

.^glc-Vl 4 _jjou11j AIjLaja ^>2*1 4 jq\^\\ 4 Iaj^ a j S^jaja 4-a 3 4 jVqMl oIa - 4 jql^JI ^))nl Vi 4 ja^^I * 

^j^asVl . 1 ^ 1 ! (jc. C^2U c^k jj (maxp ) LS 41121 # ILLuj L_flj^aj La£ ^Ja .^jq'nCi ^jl ^j£a J 4 jVqMI 


p°/o 3L^jV Jc-Vl 3^JI jL^. (3* J^!3i)l (JC- A-I-O jjl j^Jl L—L^JJ .^L-sl^VI JaJa^^ll ^3 4 

.4_131 jl 2I La£ 

(jj>aJ ^gjj (Jjliifljl! ,^22 )3A 4 183 ^ jJajuJI ^3 <jalaJl 4Jsa3 jLuiJ ^glc 4jt3lj ^juo^JI Jat&j 4^ 52 ^juj jjJI ^ 

.4 a <21j (3j®) (jjx> l\l ^2 ^2 Jal^jjl ^j^a % 5 C^^Jajud]! <L<aj3 ^3 .4 _aj 3 %) 95 4(Jl!La£ 4(jt^-&]^ 3 j 3*\M 4Jsa2l c21j 
^glc-Vl 3^JI CS^ ^)lal_lill i - IfudJ .b 52 ^juj^ ^3 216 ^3 <2 vWj I3A 

-J ^ )n» x> <lk^JI <L<aj3 (jl ^ >5 isu I-3A 6 52 ^ J ^ ^ ,3^j %p u' < _ jja. (jAaj]| J] A^l jVI j ^ ;'~* ^ 

:?*!— 11 .150 = (183 - 216) - 183 


9 = maxp - ( />% - maxp) 


A ^ A 2l£> ^ic ^Ss-Ljal 3^) 4j2aLuj ^LuLaJ lj3jc 
<jl <j3al jj 3V 4 njuJ li3jc. (jaJj 4_ilc 4 ixng x> ^jaLaJl 4Jsa3 

/^ 4 t a tl / a! tA. *tl *i 4 ^ A. *4 z t ^ A*4 . i 4 * »i t *4*4 \ l ^ ^ 


UjSj 


5JUJI , Jt <s ( 


;^lc. ^IjiLoaVlj 4_£k^jl (JLoxJjujI <213 3xJj A ixng 21 4Jsa21 32 j c_ij\_^. ^ic ^jiLoiVlj (s) 

0 = maxp +/- 1 .96s (5 %lsj^ <J) , 0 = maxp +/- 2.57s (1 %u 2^' t>) 
CjIxj jjiill ^jjSj (jl 4 ^3 . 421^31 / ^jud^JI a ± ic 2 ^234 ^ maxp o •* 2_2yt <3 ls^ -22 M - M j» M + M jl22 
.% lj % 5 ^laij 2.57 j 1.96 f^' p ‘maxp J ja* Gaussian 


321 c^jl L— Li^> .53 A^uJaj ^ 4 (J^ (j ^ A-ujllll - dlll^jl 4_L<a5^)^^^ * 

(jjj d AiL^All u) .bmin = (P= 0)% ^ ^Uuflllj ib ma x ^ (^Sc-Vl 

j' >-ya bo ^ .b = bmax <^] b = bmin (y* b ^ lN 4-ij^> h[b] ^'-^.V' £ j-^'j -^' 

<ilxjJa Jallj ^li3 Ua3jc- 13^. 4_llx3 4 jVqMl o3A # 0 = bo 6 44 n » \\ j 4^<aj3 JaLlI j /7[jbo] U^ 4 ^Lola]| 

^j 3 a 3I ^ 



# d ^j^U! A3 LulaJ| ^jiaxj ])<U3 jL^j! SiHuu^JI *53 ^ ijlt 


4_L<a^^l 0=150 ^CjUjjlSI Jn juj jlLa (J3st>a 0 = 139 ^$3^ d^Ac-I L— lix^aj 4 j!>Ij]I 

.a 52 Cl21<j| 4_ixajjlj^J 0 = 152j 6 % 5 LSJ^ 1 ^ ^ 4 T iiLaJl jlalSJl 

Chow and Kaneko . <aJai^ i S3^i l 411^ <3^ u' u^4 u^ jj^ 3 cif^ u' ^ 

4_£k^JI 4 UtiVi 4_£k^JI <alala (3 S jjc. 3^^ J] 4 MxN fijjj^ajl 4_a3 ^ill L^!>HkV I Ijji 3 


^£1 M (J ^<a (j^£j J ^>J 3^UJ! .6^)jj^all (J-<al£] 4 )\* 11 ^Jajoj (Jj£jujj] ^ 4_^3Ull 

— l3A ^3L1 a1I A y\a 11 j ^-^3 a]| 3<i*J 4 qla > i < <a (J£ ^3 Jal^jjl 3^ ^il£ 33c. 3 Ua 

.321 3 ^3 ^21 3jiki\l 3xa*ic^ 1 — (j-® 3 j3s2I 4_1L^. ^3 (JIa 


43l^J) JL^j) 

.Djjj^aj! ^3 ^LaliAVl ^Lud^.1 jl ^ajud^Jl ^gjj 4I312! c :> (j^a 3ill 4t2ii Jaiyi (3£ ^21 ^Lua2VI ^clilj 4_iixJl 

djljVqMl ^ 4. l3A ^gj] 4_L Jj 3^^ CjLua2! ALaia.Vl 3 j3^. ^gjj ^ <alii 3^^ JaUfiJl 3^j ^jl 4_2 a*-!I o3^J 






S-iiaJI AjLjJa ^ a 3I (jj^j (jl cl i^vj ? nj j5 (x ,y) (JL^aII • 

.AiLaJI 6^jui^)a]| {^ya^)C* (j ^x>) c JaJbJallj ^jjl AjjouIL *lljJ ^jui^gjl .AiLiJI ^ja 

jA — A^kjl j <j£pVl La^aJI — ^j| (_]£judJ ^sajL^aiJI a^A \j]& (_£,1]| (Jo Lall ^jui^ja 

tj n " Gaussian £-» il&b>j <1)1 4^ » jj^l <1 b ybAj I^a .^Lbl £-4J' ^ <_i Gaussian ^ _>» 

.Laplacian 


ZeiioOasjs mg{fl(x, v)} = {(x, y)\ 7 2 {g Ij? (x, v) ® fr(x,v)} = 0} 

A juj^a G_fl^)C. Ia£ dulfij A-ilxk ^A Jjliljui2/U A-Lllll AjIaxJI (j] .A xjj^all g_s^)*a Q2D(X,y) c — 

Ac.LjA^a3l ^J| a^A . ^jui^)a ^x>~^ jl <jl jaa 3I L- ilia (jL La .A^uLuj 

:(LOG)" Laplacian- Gaussians (>Marr- ildreth 

Z<?roC/ , os^//!^{i3(je, >•)} = { (x, >-)| LoG(x, y) ® a(x,y) - 0} 


x* + 1 f 2 

LoG(x, >’) = —j— giD^y)- — 8 id( x ’ y) 

• ^ ^ ~ilUl L-IjSqCj (ji bjajl ° A j 4 1 1: jiilllll tlk^b 


IoG(r) = 


r* - 2cr* 


e 


l 2^rcr° 

.56 j <xj^]I ^juL obuVl <^jL 53I &\ jiilVl j^jA ^ 



(a) -LoG(x,y) (b) LoG(r) 
.c=1.0 fc* LoG&fj* :56 

La .A9J uj^ ^AiL^Jl c. AjuAjuJ 

;aJU 3I Aijj^al! L_Lud^. j*Ja ^^>a 3I <j) . Vliet j Verbeek cJ^ o ^ 


PLUS(a) = SDGD(a) + Lapface(a) 




^3 t^jlj (JjidL ^Lijkj Vj ^1^11 j x (JjlilLudl ^jaiall Vi ^ 

j faUJI jj^£i gJ ^JLj ji^l - Laplacian jli t^Ujll CjU.jii 

^IxjVI ^LijLiill ^jj troll i^ja (_]£ ^3 a cJ^-j SDG D ^jojLujI 

^(J / F)^ cr^ ^ 6*llc. cl^Ljoui (JjjjSJ ^)la3 <». Qj^rai R (j! Cilia. ^ (J / F)^ ) t- ^Ac. Uaa. 

jiiijj a=<2.7 u jl^l li) jf x 3 l£^-*JI Nyquist *^jSJI cc iliic. iaj & ^k JSVl C5 lc- t SjiiaJa Sjjj^all 13] 

.Lf^' Nyquist ^ 

(jjj jjj-dl Jc; 6 j^lS (jj^j <ji Liaj Laplacian ^ " jL^al! _jjUa" s .Vn^ l pjJall (3 

^ja l^ixj ^)JMjm V (^lAl J^Ut \*W \ 3i jj (jl ^j£aj (jli cAiLq^jl ^3l ^ ( |_auj ^a3j 

* A-llllllI (. jjgi^ <- A \A \ 1 

a(x,y) = a 0 + a* x + a 2 *y + a 3 *x*y 

L. J^jjJaj . f, 0 M <^1 Jal^jl (J^j M 1 ^aA^)jn» jj Vjl ^jAj^all - ^)jJ«JI £3 |ja CaJ t^jlAbaJl ^jjjl a (jll 

JiaII ^Ac- oCiLoia <i3LaAI Djll AjiliaJa CjLI jaA c2]ti& m A jaaj (_]£ ^3 4iAaAI d^3 (JjA-ALqj 4_ajlj]| o^j; »«o\l 

LOG, cJ^ cilllu^aj iAil^JI 6 ^3 ^3^)x-igjl (Jx>3r*uli 1 4 # (3 ^Lj ^joi 3 ^3 t kx-aj 

A ^mll ^UaC-V ^jJaj-«a jA 6^)jj^all <jjc. (. ^ 4L_J^)jJall *1 xj ShSpj TOjcUSl Ick, 

: Jli3l£ ^ £j\ 



, yf jWall -jjIjlaJ!’ 1 { J±& Cjlil^]J AJdlxJ) 4jyj*il jluiVI :57 ^ ijlt 


4^j| J$\ j ^ill j ^jIx_a]| ^5^ S.VVun^l AiLaJl (jVnVqMi ^jIjIa (j) 

.20 dB SA//? £* 58 e^j 



a a) Image SA/f? = 20 dB 1\Li>) LoG filter ti-c) PLUS filter 1'i 



CjLajjI>J| UK ^ # dj| jjlj >1 jui jaj ^J^j! Aj-aJjl^k JL^lLuK AilaJl JUu) ;58 p **. > 

.0=1.5 


JaUj (J-J^ 3 u' L ♦ ^ ♦ .Ail^JI KULj AZ- 6_J_jJk-^jU 6 ^JudVi UU <aUJl ■ W*' ^11 l* \\ i iQ*i\i 

U jU^J' (j^\AA ULLuj *\ kx a!\ A llalUl A_nU (JUixILujU Ajl (Jjjall ^ ix. x>j c^Lai^.^J aIjIKUI AiUJI 

.SlUSI! e La^V! ^ fftjjiyiH ^3 4 jaJjaull 


AKUaII j AjU^aVI Sjj-ual! IflL AiUl! jUu) 

^)x-alc- .» JJ^W ^ ^jUJl ^JaxJ tg_L^alj <*jujjj4JI q±1 L_fl2/U^VI cA-ljUdll 

^)l JaUj ^ja AiL^. Uup M ( xJalUll M 3x3 LS^ AIaxJjuiUI ^a-lKl ill ^-alic- ^jl .AiLq^jl Aj3l^)C«^l]a ^jiali]l 

.”8 >11 ff J jaJ! Klij AiUJI U Ji "pjJliMaJI" 3 X 3j 4 -*^U »l 

(jdJ L_fl2Aii.Vlj ^AKt^Ull j A-i L^aVI (jdJ L_fl!)tii.Vl 6 # ^l 3 (j^ (j^U (_£^)^1 UjUaK^a tilU& 

.AKIIaIIj <*jujj1a]| * Jjj^all 

^al^Vuub AKUaII j AjL^VI Sjjj^all ^->all A >jV^ (_£i3l L$il J A Sjjj^all .A&Laij % ^ui\ 



aaL^vi ijjj^i\ 
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SAWaII L_fll 


Area Title 


?47 





^iLnJl ^^uabjJl ufl. j^l I 

A * a\ Ajjfj J* ^Vll (jl (j£JoJ L_fl^)j^all ^alxi ULLui (.**11 j 4 qVl^x>\l CjLlg^^)I 

(jU 6 (_£^Lg^)]| CjL^.J^J Jjj^ ^budijVl t/lljUc. (JA 4_ijLi 1 JJJ^ 0UJ LmJ .^Ujll CjL^jJj Jjj^ J 

^LudijV I A yf)') QUtiVn ^lxujjj A-ijUSlI 4 ^jTill A .aJlx x>'l 


Li^/Qaj^a]^ ^)! M 0 M ” 1 ” A x>j'qj <U j 3 *-^ I ^ 2 ^ ^ xtiViVI dj|^l^)^.j - (Jil^j) ji * 

oi <» J>J ^x£L< 2 l jl j^JI L_flJ^)su AjLAual L^Uax^al) ” 1 ” jl ja. ”()” 4 -<ukj JalSj jl (”^Lg m <LbajmJ 

dlL^aj J ^^11 3x3 (_^ 4 jq]Vix>\l CjUIaxII dJiALouJI (J j.^ <C-Llj^a (JUixJjujI .4 ^joi^) 1I ^-3 ba£ ^)U^J 

3x3 ^ Aill^JI £*\ j^3l qj ! >L 3.iiki\\ Injmj ”Jila M j ff ?J-o ff ^jj^a <jl£ ^44 

: J 1511 S jlj- 


Weights - 


w 4 = 16 
w, -32 


Wj s 64 


Mj = 8 

Wo = 1 
w, = 128 


Wj = 4 

w i = 2 

w„ = 256 


> l i..‘Lkj (jaJ "l" ji " 0 " £* a [m ,n ] ^ 3 x 3 < 


siaUl 


jum — w 0 ij[m, w] + + 1. m] + w a a[m + - 1] + 

WyCt\m,n- 1 ]+ w 4 a[rn— l 3 n- 1 ] + w f a\m — 1 ,«] + 
w^/m - 1 , n + 1 ] + w,a[w, « + 1 ] + w t a[m+ 1 , n - 1 ] 


.511 => => 0 £y* Cy^ ^ \j^a ^a iA ^jVi\l 


:c5 JUl! SUaxJa j ^A 12 a (j-d 8 laJJjJftllj \-A ^cjouII - f, ^La M * 

i) Compute sl//t? ii) If ( (si/m == 1 ) c[at? 5 a?] = 0 Else c[at? 5 a?] = a[m,ri\ 


i . 11a 8-<Jajj^A]| j 4-4-Ljj jaII ^cjouII - ”(Jiia M *j 


4-connected 8-connected i) Compute sum i) Compute sum ii) If ( ( sum == 170) ii) 
If ( ( sum == 510) c[m,n] = 1 c[m,n] = 1 Else Else c[at? 5 a?] = a[m,ri\ c[m,n] = a[m,ri\ 


.59 igJIlH £.I^>^VI (jl djL^jallj ^Lai^VI ^L^jV - CjIaja^Ij * 

puill ^UjV ^joij • 


Jalaj (J3t^ ^ JCftJl L_Loi^j • 

S^k jll Jataj jV M ^La” (Ja8U.uiJ • 

i<s? L^V» ^usu ^ ^ • 



djL^jalU ^\ kk\y\ ^IaII Asu (JfLiA (]} A f)\ n ^ 

.AjS. ij^a cjUIop J-ajlLuuj ljI Viiltj ^Lu^Sn Jj^ :59 ^ ijl! 


^ic- J jjujI £.UaiS ^jJa j<_£ 4^1 a]| ^jui^a ^nJaj Asu 64_lxJaxJl j (_£^La jjjl Q^ill C5^ ^ Ju ^ a 3~ j ^ V*lll ^Lud^VI (jl 

(j-a ^Jt ^ ^jujLujVI ^Ijl^Vl ^)JC« (_£ ^kl (J-gI C^ l (J.A»-luiJ ^ (J 11 a (jU Jsl^V .4j‘ll nil tn^kVl 

^jlVlMl ^Jl AiLjaVl-J 8-Ja±J^)jk]| L_flJ^)SU (J^jlJjoiI 4 59 ^J^l ^*^1 ( js ^ ^-iaj^]| (JHaII j!^C-V! M 

S= A/ s . 

.60 ^ jjl^ajl <^MI elj^-VI ^Ijoi^VI ^ cljLali 3 l ^ 1 a 3 _ ^Lud^VI ^ djLal§)l * 

^Lud^bU ^pUSlI JiUill ^-liV Sjjj^aJI ^ajalj • 

^U|]l 4 j‘il nil S^)jjL^all 4 _Lo£j L- Uti^kj • 

J j.w 5 Sj^Jl S^)jj^a JjO j • 

^Ull! ^Jl 6^)lill jjI£oj • 
AjjI$4)1 a >/\jl ^Uac-V jiill a >/\jl Ja£j • 


djL^jilU cii jLo ^Lud ^.1 





.gUu^Sfl ^ cjUaiJl IjIa :60 



.(322113 AjlujLLo l " Sjjjualt 4lL^a22l ^Luo^Vi — 6jj)^lj 4 ^LuaVI 4Jljl * 

. 6 1 ^*>^>31 *^) j *Li3l2l 4 ^\i cjU1a*JI aIxjoLuj (ji 

J v .inM \ 421211 £-1211 ^t2V ^jo2 • 

S^)jj^a3l S^jjj^a 2jJ • 

£-1211 ^1 6 ji2l j22 • 

4 \ M ^ j 4 "v ^ \ Vq\ 1 */s^ j x .Vit l 4 -\ *i \ C_Jjgi V j • 



^Lol^VI (6 ^2231 j S^)23l 


# (j22 ^21 ^LuaVI 4j|jl ;61 ^uj , jlt 
(j\£ li! .Sjjj^all 4-fiJaiij^l ^ eJlj^ail ^Lud^Vl (jli lB = N 4 *lJj2l C5^ (J-<ixlaJ^3l ^jlVnll JkA'sG* li] 

.22L 3 -&jaJJ^)4]l 4_1 I^a]| ^Lud^.Vl B = Nq (J-®JtlLaL^]l 

^jjaij ^cjjj exo .^Lud^VI ^ <gk)l <^3221 JfLi^il j& ^Loi^l exo 3^ - Exo 3%^ * 

^ j 4jlg_i]| Jal2 Jai^. (JjAj ^JjOCj 1 £^1x21 4jKjg 11 ..l2j (_£ jp'Sj 1 g 1^ (J£ ^21 J (3^3221 ^3) ajj^ll 

.62 ^juj^) 3I 4 >jV^l j ^1/2x3 L_fljjb^ajA 12b (jl M .0” 2 4 jjLui2I 

421231 Sjjj^all ^-l2V ^x2j • 

4 jM nil ^jj^ll aAa£j l. Uti^ • 

”0 M 4 x>jq\ J ijJl2l £jJa j £xa <32x21 (Jl <ft»*u3 1 ^ Kj^Jl L- Uti^j • 



.Exocfe* :62 

^ic. 4x3 ^31^ 1 g x>»* n 4q^ ,, 'Lll ^Lud^VI 6 ^23 AjjJLj^gj 213 ^Luu^Sfl * 

2 (j^4 La (Jsl (JLaxJjlJ J ^aljud^Vl 62b (JjL^aal 42L ^C-_J ^2l*-2l 4-^jJal ^ll j 4^tg_jJaJ 

4jKjg 11 J ^jud^. ^gJc. lg_La (3^ ^gJl Sjjj^all ^uuVi ^cjjj CXO fl .4j^ajui ^I^C.| M 

.63 (j] M .0” 4 x>jq\ jj 42-g-^ Jallj Jai^. (jj^ (_^^j()lj 

421231 SjjjL-all Sjjjl^]I ^jo2 • 

B = A/4 ^4 c 2)1 £Ij 3! >t - jj» 21 L. n»^j • 

4 Kl i^\l 4 >jTill ^ exo 4 nti-^j • 




exo 4 

^al<4jj<d]| CXO J ^ -Aj^aVI 4_lll_n5! AND s 





(Jdx^aaj) ^ijLo]| ^Luo^Vl (b exo L^J j^^all (a 


^LuiSkSfl JjsjSu :63 ^ jJ) 

^)l_il^J l^A ^jJojJaJj jaiJ iS^. b 63 4^1-g-ill 4 ■a^-mll ^<4 ^ud3 

(j] .AjjUsaAll ^ 1 IjlJJ 4j| 1 -all !*■> jmj V 3.1*Jl I*1A dj2/l£ll]| (j-<4 ^)j* isi 

jla ” 8 _<iaJJ ja" jA exo lij m .<Jj^juJI <j-a C 5 ^” 6 <joij jA J exo lS 4^4]1 (jJxill 

"zj. U\ ^jLix^all 1 jj£^ i^\ 6^1 ho'nVI . ^ 8- 4 Cj j5*l * ^ ^1 i.ii^S/1 (J t-^Q ' ^lll 4-liiliaJl 

^ jLa j] 1 ^j-uabjJ) ufl ij^qjl 

JL* 4_i1a*JI JSLLaII (J-< ixjjaij <jl (j£j<4J djljVqMl 6^A 4 A_i3^)j^all 4_pL<4 j$\ ^aj£jl 4 ^ 11 * a djLijij ^juo3 ujI^ Lg£ 

C' \\ jYq'i sSc. ^.Vquu ^juokll I^A ^ .cJj'^kI!' 

<xjall (j! (j^j 4 j.^&)1j Aj^L< 4^)1I 4 xnqll dilj ^aLud^Vl <jj jP- -(4^ak]|^ 4 jlj$JI * 

^Lud^,Vi ji a a\)^a A_iil^. ^ic. AjjjjaAli ^ \ ^<4 (J^beij Uj ^ic. ^ vu . Moyor (J^ (j^ 

;4_i]ll]| ^Jv«o\Ij ^gJasu C-L/Ljj Vill (jU t4jjJax4 A ^glc. A ^l^i^jl 

TopHcft( A* B) = A {k®B) = A - maxi mini A ; I , 

B \ B % / Alu 


Light objects ■ 
Dark objects 


TopHot{ zj = (.-.* E ) A = mini max( A ) \ A 


^Lai^VI 


A ^Lud^Vl 


6^JC. (J» (jl£ lilj 6(Jljjud]| ^jJaj-<4 ^Lud^-Vl UJ^ (J£ B J L - 

4 jVqMl 6^A ^jc- Jllo ^gJaju >5 TOpat(A,B) >= 0 J 6 4J^I*-a 1I Si ]o» x>\l djl u^il ^kll 1 Uj>ij 1,Wx4 (J£juj 

.64 <j5^ 

A 'SjVllI ^UaC-V j 4-1^1 j«-a]| dl^j^aj L<4£ 4 15x1 ^)j^alx J 4 -s 11 » x> (Jjll\i]l tilli 4_iL^aVl S^)jj^a]| 
^aLud^Vl (JjIslaj "4nl >jj M ^1 n>i>l 1-ijl l--^ el l3^)C. 4 ^aLud^bU d)^£ jgC ill ^jl h^Vpj ^^-Jjlli^ll 

t 4 Ul^x> t^iiallj cAijlxjll > M 4jjlxull M 

;^iull^ 4_i3^j^all 4 ^11 * x>ll ^j>4 (jlla (j! ljl^<<4 c. <aVi j sx> 4_iic. JaLud^jl (jj^^cljl - 4 m 11 * 


&[m 9 n] = — ( max( A ) + mirt( A )) ^ 

2 - 4_i iC- ^cJajud 


# iajjudj ^-1-^y min j max ^Ijl^c- di^i B ^jh^ll j^i»l Sj-<4 


(a) 



A ^Lud^VI (]}) Vmnxill ^Lud^.VI (a) 

.4juilt cj^Lj^j :63 j 

^Jajaull^ 4_uaj (jllaj U’ L>^ ^J^c> (Jl^LLaijj - f jj£jj ^uiJ * 

tilli ajAjIa CIlLj ^jjVUti ^2ll j jl JaUj ^gic. JjfLlui 4-<aJ3 LJ & J .^gla^l 

( y^JI gj£gll]| ^jA J ,( U> 1 Jajjg-a <i! (JjoLoiI ^Ac. \ v^ijl AjJjg 4_1^1 *-a] 1 L_flgC-^]| ^igj^all (JaaII ._jl 

;g Aihnll jt.A'te K?fljc.^Jl SiaUll 


Z^ca/CDnfr£jjf( .-. . 3 ) = max(A) — mm( A ) 


;A_lll!ill Ajuj^alU ^ ]ax x> ^I'SxAl gj£g!i]| jIjIaV s-lg^VI (j) 


c[m 3 w]| — JCtffe 


A - tttm( A) 

inax(A)- min(A) 


c> .65 jy^ *\ j^V' ^ • B j^c. ^c. gl j Auuj min j max 

.4 qjl kk\W <U^I*_a]| ^a 4_^-jJaj^]| A lakill 4 j\x>c> (j-a S.Vi^a 4_^jaij 4 A_Aax]| gAa (jl 



T-before after, tTbefore after, ttbefore after t 

I :65 

(Ja CjCxJI Ia£^ Aj^Lixa]| 1 ^)J J ^ a (J^axJjujI 


CjU ^)£aJ La£i &lgjillaJ (j)\ ^)£aJ Cl 

(_]£ (j c. aJjaI ^ai t l ^ qjjlaM 

^JA Ail C1 jj|^) 3 cA_ll^]| (j^AjJaA L-Loia> ^)j*‘n tgJl 


C+_I_A^aj^]| AjLL CjIj iViti j CjI^uajaII (jImu Jl j£L 4 Jja! 

cCjLufljlIj CjLa> C j^aII il AjjjSa aJjaVI (J^* ? tl& (^ 1 

C-)U> juj^)a] (JljC JIaxIujIj ^juj^)a]| Jfrlllalj Aj^alaJI ^nau dlli 


U2kj 


^aJjaVI jj£J l_jU£ 3I ^a oJjl jll ciA-ffill j ciA^a^aII 
# Jais ^■^IaIII j C^ 3 


N-4,N-8 ijHaII cjIauajaII 

void median5 (int) 

{ 

int k [ 5 ] ; 

int i, j , kk, ii, g, aa, b, u; 
b=5 ; 

for ( j = 0 ; j <YY ; j + +) 

{ 

for ( i=0 ; i<XX; i++) 

{ 

k [ 1 ] =cc [ i ] [j] ; 
k[3]=cc[i-l] [j] ; 
k[2]=cc[i+l] [j] ; 
k[5]=cc[i] [j-1] ; 
k [4 ] =cc [i] [j+1] ; 


aa=0 ; 
do{ 

aa=l ; 

for (kk=0 ; kk<b; kk++) 

{ 


if (k [kk] <k [kk+1 ] ) 

{ 

u=k [ kk] ; 
k [ kk] =k [ kk+1 ] ; 
k [ kk+1 ] =u; 
aa=0 ; 

} 


} 

} while ( aa ! =1 ) ; 
cc [i] [ j ] =k [3] ; 

/ / putpixel (i+192, j , cc [i] [ j ] ) ; 


} 


} 


} 

void median9 (int) 

{ 


int k [ 9] ; 

int i, j , kk, ii, g, aa, b, u; 


b=9; 

for ( j=0; j<YY; j++) 

{ 

for (i=0; i<XX; i++) 

{ 

k[l]=cc[i] [j] ; 
k [3] =cc [ i — 1 ] [j] ; 
k L 2 J -cc L i n J [j] ; 
k [5] =cc [i] [j-1] ; 
k [ 4 ] =cc [ i] [j+1] ; 
k [ 7 ] =cc [ i-2 ] [j] ; 
k [ 6] =cc [ i+2 ] [j] ; 
k [ 9] =cc [i] [ j -2 ] ; 
k [8] =cc [i] [ j +2 ] ; 


aa — 0 } 
do{ 

aa=l; 

for (kk=0; kk<b; kk++) 

{ 

if (k [kk] <k [kk+1] ) 

{ 

u=k [ kk] ; 
k [ kk] =k [ kk+1 ] ; 
k [ kk+1 ] =u; 
aa=0 ; 

} 

} 

Jwhile ( aa ! =1) ; 
cc [i] [ j ] =k [5] ; 

/ / putpixel (i+192, j , cc [i] [ j ] ) ; 

/* g=0; 

for (kk=0; kk<b; kk++) 

{ 

g+=k [kk] ; 

} 

cc [i] [j]=g* (1/9) ; 

*/ 

} 

} 

} 

<_Al jaJl JjJaj 

void edge (int) 

{ 

int i, j ; 

int aO, al, a2, a3, a4, a5, a6, a7; 



double x,y; 

for ( j— 0 ; j <YY ; j + +) 

{ 

for ( i-0 ; i<XX; i++) 

{ 

a7=cc [ i— 1 ] [ j ] ; 

a3=cc [ i+1 ] [ j ] ; 

al=cc [i] [ j -1 ] ; 

a5=cc [ i ] [ j+1] ; 

aO=cc[i-l] [j-1] ; 

a4=cc [i+1 ] [ j +1 ] ; 

a6=cc [1 — 1 ] [ j +1 ] ; 

a2=cc [i+1 ] [ j -1 ] ; 

x= (a2+2*a3+a4 ) — (a0+2*a7+a6) ; 

y— (a0+2*al+a2 ) — (a6+2*a5+a4) ; 

if (x<0 ) x*=— 1 ; 

if ( y< 0 ) y*=-l ; 

if (x!=0 II y!=0) 

cc [i] [ j ] = (int) sqrt (x*x+y*y) ; 

else cc [i] [ j ] =0 ; 

} 

} 


} 


AitaJI 


void edge2 (int a, int b, int c,int d) 

{ 

int i,j,k; 

for (i=c; i<=d; i++) 
for ( j=a; j<=b; j++) 


if (getpixel ( j , i) ==255 && getpixel (j , i-1) ==0 | | 
getpixel ( j , i) ==255 && getpixel (j , i+1 ) ==0 | | 
getpixel (j , i) ==255 && getpixel (j +1 , i) ==0 || 
getpixel (j , i) ==255 && getpixel (j -1 , i) ==0 ) 

{ 

arr_x [ k] = j ; 
arr_y [ k] =i ; 

putpixel (arr_x [ k] , arr_y [ k] , 117 ) ; 
k++ ; 

} 


} 

void remf ilt ( ) 

{ 

int k [ 1 6 ] ; 
int i,j; 




f or ( j =bl + l ; j <b2 ; j ++) 

{ 



for (i=al+l ; i<a2 ; i++) 

{ 


k [ 8 ] =getpixel (i+1 , j -1 ) ; 
k [ 14 ] =getpixel ( i — 1 , j +1 ) ; 
k [16] =getpixel (i + 1, j+1) ; 
k [ 6] =getpixel (i-1, j -1) ; 
k [ 15 ] =getpixel (i, j +1 ) ; 
k [ 12 ] =getpixel (i + 1 , j ) ; 
k [ 10 ] =getpixel ( i — 1 , j ) ; 
k [7 ] =getpixel (i, j -1) ; 
k [ 11 ] =getpixel (i, j ) ; 
k [ 1 ] =getpixel (i — 2, j — 2) ; 
k [ 3 ] =getpixel ( i , j +2 ) ; 
k [ 9] =getpixel ( i — 2 , j ) ; 
k [5] =getpixel (i-2, j -1) ; 
k [ 4 ] =getpixel (i + 1 , j -2 ) ; 
k [2 ] =getpixel ( i — 1 , j -2 ) ; 
k [ 13 ] =getpixel ( i — 2 , j +1 ) ; 


if (k [ 11 ] ==0 && k [ 6] ==15 && k [ 7 ] ==15 && k [8] ==15 && k[12]==15 

k [ 1 6 ] =—l 5 && k [ 15 ] ==15 && k [ 14 ] ==15 && k[10]==15) 
putpixel (i, j , 15) ; 

if (k [ 11 ] ==0 && k [ 7 ] ==0 && k[3]==15 && k[8]==15 && k[12]==15 

&& 

k[16]==15 && k[15]==15 && k[14]==15 && k[10]==15 && 

k[6]==15) 

{ putpixel (i, j , 15) ; 
putpixel (i, j -l r 15) ; 

} 

if (k [ 11 ] ==0 && k [ 10 ] ==0 && k[7]==15 && k[6]==15 && 
k[15]==15 && k[14]==15 && k[9]==15 && k[12]==15) 

{ 

putpixel (i, j , 15) ; 
putpixel (i-1, j , 15) ; 

} 

if (k [3] ==0 && k[2]==15 && k[4]==15 && k[ll]==15 && 
k[6]==15 && k[8]==15 && k[7]==15) 
putpixel (i, j -2, 15) ; 

if (k [3] ==0 && k [ 7 ] ==0 && k[2]==15 && k[6]==15 && k[10]==15 

&& 

k[ll]==15 && k[12]==15 && k [8] ==15 &&k[4]==15) 

{ 

putpixel (i, j -l t 15) ; 
putpixel (i, j -2 , 15) ; 

} 


if (k [ 11 ] ==0 && k[10]==15 && k[14]==15 && k[15]==15 && 

k[16]==15 && k[12]==15) 

{ 

putpixel (i, j , 15) ; 



} 


} 

} 

} 

void grad(int) 

{ 

int k [ 9] ; 

int i, j , kk, ii, g, aa, u; 
int gx,gy,max; 

for ( j=0; j<YY; j++) 

{ 

for (i=0; i<XX; i++) 

{ 

k [5] =cc [i] [j] ; 
k [ 4 ] =cc [ i — 1 ] [j] ; 
k [ 6] =cc [i + 1] [j] ; 
k [2] =cc [i] [j-1] ; 
k [8] =cc [i] [j+1] ; 
k[l]=cc[i-l] [j-1] ; 
k [ 9] =cc [i+1] [j+1] ; 
k [3] =cc [i + 1] [j-1] ; 
k [ 7 ] =cc [ i — 1 ] [j+1] ; 

/ / gx=-k [l]-2*k[2]-k[3]+k[7]+2*k[8]+k[9] 
//gy=-k[l] +k[3] -2*k[4] +2*k[6] -k[7] +k[9] 
gx=k [ 5 ] -k [ 6] ; 
gy=k [ 5 ] -k [ 1 ] ; 

if(gx<0) gx*=(-l); 
if (gy<0 ) gy*=(-l); 

if (gx>gy) max=gx; 
else max=gy; 

cc [i] [ j ] =max; 

/ / putpixel (i+192, j , cc [i] [ j ] ) ; 

} 

} 


} 

void approk(int gl,int g2) 

{ 

int i; 

float a=0 , b=0 , c=0 , f =0 , m=0 , p=0 , r=0 , s=0 ; 
float d=0 , e=0 , k=0 , 1=0 , q=0 , b0=0 , bl=0 , b2=0 ; 

a= (float) g2-gl; 
for ( i=gl ; i<=g2 ; i++) 

{ 

b+= (float) i; 
c+= (float) i*i; 
f+= (float) i*i*i; 
m+= (float) i*i*i*i; 
p+= (float) hist [i] ; 
r+= (float) hist [i] *i; 



s +— (float) hist [ i ] *i*i ; 

} 

d=b; 

e=c; 

k=c; 

l=f; 

q=d/ a; 

e-=q*b; 

f-=q*c; 

r-=q*p; 

q=k/ a; 

l-=q*b; 

m-=q*c; 

s-=q*p; 

q=l/e; 

b2 = (s-r*q) / (m-f*q) ; 
bl= (r-f*b2) /e; 
b0 = (p-b*bl-c*b2 ) /a; 
for (i=gl ; i<=g2 ; i++) 

{ 

hist [i]=(int) (b0+bl*i+b2*i*i) ; 

} 


LUjSn 


la^j£ I j1a*S±d,iJ (jj 4 ^ ]l x a L— ll qjjJhlll tgJ tJabijVl 4(4_iC.li]aj^aVI) 4 j 

# £t3l 4 £ j-all L_fljUa j Jj] 4 4jtia! jlil 4 £■ I jlllVl *lll Jjl 4 6^_^.VI JJJSmI jLlk] 


£U jJiuJl Ajtlj ix4J 

4^ Uu Vi'sV (Jxjuu^ (Jet jLajVl dllij Jajudll 4 jl 3^) Ja^&j *ll] jj] *1^,1 j Ja dlliA 

.(jj-djll J] j 4 3aaj j j 4 i>Vij A 6^)jj^a q 1 ^ x n j ^ip B *Oj jL-a • Bj 

t 4-jL^aVI J 4 h><f LP .4qj^ill 4 jl9jJx]| (jia 



(a) b 

B Zjj^a (b $ A ojj^a (a 







(a) b 

(B ‘A) MIN (b *(B ‘A) MAX (a 

j>uaJ! £> 

4 \Iaqj Wi AxJ C5^ Vjl •U^^)J J ^ a (Jj^ 3 ^)jj^aJ 

Sjjjk-al! (j-c JaUill C lLaj (jj£j <C. jtikj 6 IjJ^I .g3.USSi3.il JIaxIojU j> 4 jdaJl Jalaill ^jJal 

2/ILujI J # 6^lc,| AijA-aj^ll 0J^)Jajud]| 4 jl 3^)1 4_jLulxi (J£juj C Ax^alllj ^JjVl 

fAJ* fitnwy^pwr aww | ■ ■» 

l^st^de NtermacAo ■.■.;■£ 

F*3ssa* 81 18 , C£P 01081 y 

m 




262106 


(a) b 

B Zjj^a (b * A ojj^a (a 
B 0.5 + A * 0.5 = **#11 : j_^' USS <> Js«4l ’££4 t V jl 


B * 0.5 + A * 0.5 
0.5 * A + 0.5 *B 




: ^ jjj . £ gaussian u jj 

B * (gaussian - 1) + A * gaussian = 



(a)b» 

jr (b i gaussian ujj (a 

.oilc.1 4 ^ l W~i l .-, tAjjljjll 4 jl3 j 'bjy^a ^A "b jy^zx 


.ibuSfl 







jxjuoq ^3^ (b ajl3^) 


A_iL^aVi Jatiij JaJjJall J oJuls l^J Aijj^)ia]l o JlA > ^ILujI (Sjfi (j^ U^H A-LujAI^JI 4 c.j^-\ ^\1 aA& 





gs-^-%^ 31 


LfJaxj ^j^aJl J^ajJ 

(J-atsu Ajljoj j-a 8 x 8 Sjj— A Sjj*-a AjuLuj A_iLgC. 6^)jjb^a A-a3 ^Ac. A-Jak A£jjuj £jJajJ 
•AjiaVl A£jjuAI j A_p j-a*Jl A£jjudil ^ic-Vl *l^Jl <^Aj (JUixJjujU ^.iij A£jjuA 1 <jl A Jog *1 (jUiXJjujj 










A.qVi'VA jj! ^ua jj 


jj ^ Q)\it >.'1 )a\\ ;djVl^Sl L_llo I .(J^Lajll dlL^jaii] 6jjjk«*a ^Ic. 4-Jjljj Sjjj^a LT^*^ (jl <U£ju1a]| (jl 

^gJc-Vl .ikll (jl djVl^ tilliA <j£J ' 4 . ^q^'l £>i& 4 jI$j (jjkJ aJIJ <jjiua ^ K juuJI JiSb (^j^Vl 


00 00 00 00 00 00 00 00 00 

00 01 02 03 04 03 02 01 00 

00 02 04 06 OS 06 04 02 00 

00 03 06 09 12 09 06 03 00 

00 04 08 12 16 12 08 04 00 

00 03 06 00 12 00 06 03 00 

00 02 04 06 08 06 04 02 00 

00 01 02 03 04 03 02 01 00 

00 00 00 00 00 00 00 00 00 


B ojj^a (b * A (a 


00 01 02 
00 02 04 
00 03 06 
00 04 08 
00 03 06 
00 02 04 
00 01 02 


03 04 03 
06 08 06 


00 12 00 
12*12 


00 12 00 
06 08 06 
03 04 03 


02 01 00 
04 02 00 
06 03 00 
08 04 00 
06 03 00 
04 02 00 
02 01 00 


Jal&ail (_gj j li. n A (j5 Lax li.*ij (jjjjjH-^il (jlj Laic, lb JJ*JI jiajJU (ji i (jjjjjH-^il 


MAX(A,B) 

M£i JeVl Jill JLaxlJ 
.255 
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00 
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AXORB 

(_gj j li. a A (j5LaxliuLJ j-lj ^ > ^1 (jl Laic 3 JJ*1I (_^a^)*j (ji IjliJI 4jj ^ <^ic j J 1 A AjlaC (JLaxliuiJ 

.(7FH XOR FF = 80H) 128 ^ 

; u 1» AJJ i jT-* 1 -" (J»-i.aA (jiii ^•llaj 


m 


mr 

■J 





C = (A + 128) mod 256 


(JUxxJjujU 3j A (Jxjaui 



If (B) then C else A 

£USIt Jjjjh’i 

til l_lA ^ JaUull ^jC- 6^)jj^all C_kLa (jxu>i £^aJI ’’^l^x^all ^Ua]|” j| ^jj 

>^J)i A n<obk]| c> jub CjI knlaj Sic- 

.2/ILujI ^aLujJ M ^i^-j^aSI ^Uall M diUUJI cJ^ 1 



Sf 1 //:/.^ 


//// j'3 


^Uill iUUJI J£Ji 


L_jLud^. J (ultrasound ) A_ 1 *_xujj (jj^3 S^)jjL*a 2/lijuj| <jia .A ^xaui Jj^3 6^)j^-aJ aIL&xJjlh] ^jJa ^Lui 

^ 'SJ'S ^ djLa^i*_xi ^glc. LS J*^* 1 ^ f Vl^ jjui M A^lai-a tilldA (jL Ja^V .1 g ix> djfnt 











4_iXAjai]! (jjfl 


Object Dimension: w=250 h=200 

Mean: 63.2069 

Variance: 2132.67 
Std Dev: 46.1808 

RMS : 78.2799 

Total Contributing Points: 50000 


/Vlj ijjuJI" A llaidl (jji djLtLu^a^.' V I L-jLol^ 

d=l t=l e=l 


A x laflJ j 


la. 


^uaJl 




ud^djqi CjUjL^a^Vl (jli ^lau^all ^Uall 131 
uall Aioxiuo-Q ^jj£ajuj Aij djljLnll Ja£3 t # 



Object Dimension: w=250 h=200 d=l t=l e=l 

Mean: 77.2634 

Variance: 2384.87 
Std Dev: 48.8351 

RMS: 91.4026 

Total Contributing Points: 33816 


pliHU (ft 

CjUjI <j] 


# ^aUuAVl CjUUj ^jL^aa.Vl ^ jAaII j AjU^iVI ^jL^aa.Vl ^ jAaII 


4000 
3500 
3000 
£500 
£000 
1500 
1000 
500 
0 

0 50 100 150 £00 £50 300 0 50 100 150 £00 £50 300 


1 


1 £ 0 0 0 


10000 


3000 


6000 


4000 


£000 




RGB AjjIaI! 


A ]qVi\I RGB 6 (j-° 4 Jog *1 (JS1 .AjljujI j 4 jJoq’i 4 _AaC. RGB cP^J J ^ a 4-l^Ca (j) 

^pj # l,lp 4 jl3 jILg ^lc« (J \ / AljUa^ll 

# 4_iL^aVl RGB *Oj jL-a ^-9-^ (_>a .4 HAj Cl iLjjl^uaJ RGB 4-J^JjCaluj 



(RGB) 4-Ax-^Vl gjlll 6 JJ^a 

ijfcJjikiU Oj J-^VI ^ 1 (jjjJ L-JjjjJa-o 


4^lill ( b (R=l ,G=0,B=0) » ujj (a 

Qj <_£jIuia!I 1 !jA jj jJ i_J j 



Sjj^all (b ‘(R=0,G=1,B=0) <jj j (a 


Oj ijjj'i' (J JLha I I 1 QA (jjjj UjjJaa 



Sjj^all (b *(R=0,G=0,B=1) ujj (a 





0.3 J 0.4 ‘ ijA 


0.8 ujj^ 



<^jU 1I Sjj^-all (b *(R=0.8,G=0.4,B=0.3) Sjj^a jjj (a 


S c^LujI 


jvftll J J jjojVI J CjLSLSJI (Jlxi (_£ 4_ijljj (_ya^)C- abl ^3 

ajjt^ll JojJo Vi (J-<ujjJ dL^joia]) 4 jVqMl (JLqjlJjoiLj j 4_j ^La djlsuUa]| (j-a 

(JUixJjujU 4_ij£x^a 0jllj llj jJC- \ a\)) m A f)\ Vi 4_iL^aVl 4_pLa^)ll 

W .pbj^rialijll iiiss jf <3>d jll 5m d^ 4_^l ji-yi kikvi 

4XajLJjaba]| <j] /D^jjj^al! (J^llaJ (jl (j£Jd -2adaVl]| (j-a (j>i» ill (_£^)iu j 64_j^Vi11 

djl_La^^)l (Jx3 (jl (j£Jd 4-^3 L5^ ^jH- La<Q 4_pLa^) 4 j\»*1 \ 14jJa # !)lijuj| .l&ldj 4_J^)Vl]| 6.1& 



4 jL«oVI 
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Floyd - Steinberg Uaa. 


a jjt i^ilt 

A \^k\ A \\ S JjWI 


AJIIaII SbVI 6<d3 jll j^ilL Al jIj <bl v^-i^VI w Alijliill CjljLjjyi Lade. Laj-ac. 

diLa. j-d j £jujj!a 3! ^Uull L_na. (j-a AdlgJV 4 j3^-s 4-c. ja^a j& thLuj 4 _^.jjui ^ jjjjj 3 (jj . jjjjj3 

^J| Jjkdl 4j3^-sll djlc. j^^'b CjIjLSVI 6^A (JIaj ^j) (j£Jaj dP^ t<db jjc- CjIjLoi] Lade. > > uy\\ 

bJ ^QjoLj tJajudjVl (db^^bl ^gil JjUMl jl tS^lxj^all Cj iLa. j-bl 6^A dlLa. j-bb <3 JajudjVl d)b£^bl 

/a^)Ljj| jl S.Vq* a c > n^l jj <JaJjoull ^jj^absbl 

i (bb-ia3^ di3 ^11 ^jjjULd ^Jj ;c <al n«ol b^c. ^2a Vi (jl (j£Jb Cjl^Lbyi aIaxJjolaII A Jojn.nl I ^)»«ol \* \l 

S^lxj^all djU> j-bl 6^C-la (bbja3^ dl3 ^]| (jjjbL<a 4-C . “\\\ bl£ ^ja ^cJ^xa jl 6 (bbja3^ dl3 ^11 

JjLalil dU»id Jljbl ob* .5U^I Jljbb <a j*-* Daubechies j Grossman Morlet 

CjU. j-bl L_ flJlj j (JjtV ^3 AhaVLubbl Sjj* x^all CjL^. j-bl dl!!/Lal*^a 


: Morlet-Grossman djUj^ 

-k fl > o?&e # 

■*/ A (2- 

;ojji^a]| Daubechies ejU.^ 

2^ 2 <p(2?x -k) j,keZ 

ls* .5^_^ (&J*) j&j* "b"j u^b* dWe "a" <_W*JI 4Sjji^»ll Grossman Morlet ejU.^ <lb 

."k" (J-<*bbb bj^^A j 2^ (J-dlxilj a*d ^jjjarMi v^ll Daubechies djl_^ j-d <Sb a. SL^. 


Ajuj^alU ojj» x^all Gabor Malvar djl^j-a dia jll jj ^.Ljas ^ 


u(t - l ) cos(jr(fc + l/2)(a? - f)) k£N,l£Z 


Daubechies j* 3 j j y <J » jj» Gabor Malvar ■>» 

.AjIIj ic-jAxa Udlc. I^A j **jj» x^all 

(dj 5 ^11 jl) S jjUli ^ajl x^a^Jl S j£j >4 .djIjLuiVl (Jj^juJj (Jjl^dil Ajjii 6 1^1 ^A Sjjx x .all djL^.j^]| 

(J^judJ ojbdl ."n. W*n til ^ojuoJ IdA /ajjxj^all CjU. jjJI lw (J£ju 1 j J>adj jl jS-d J^jjII djVt^-aj 

.^j (c^j ji) g*jA Sjidvi is* ^ 
.l 3.2 Ufxd ^ ^ 6 ^jIjSjII j^atdjVlj (j* 6J;lstj^all djU ja 11 ^g-uiluiVI d±£ jdl j! 

S jjx x .all djU. jA\ dj^lljAJ dlxJ ^jll j SjdLa S jjx4 ^A 6 jjx x .all djL^.j^ll dj^lj^aj Ajjlaj j£ jaII (Ju^aS Ajj^ala. 

.jbuVt S^dxJAll djIjLuiVI A * x>\ Ajj 2 Sl^l£ jbuVI S^daCLa 
Ida. dia. (JAdj ^lxlLiJ AjV Ida. IcOj jj^J 11 ' ^ (J^dxll Jjiadll (jp& ‘ ; JJ ; X .all djLa. j-Jl dj^jaJ (^IaxIojI 
djUdldl dj\i jkx^aA <^A » jj* j^all djLa j-<Jl dj^LljaJ 4(jl <^11 AildaVU . jJJjjS Jjjaj ^Ic- 4 ^Uad£U 

Jda. (jJaiadall ^jLuxaJl djdxjlL I ^all * j (jl ^j£Jd jjill qj 4 »-*.La 1 I jl /j S jjLiLqII 
(jjAll .djLa-djAll dl^ij j AjjjLill <La jail jjLud 4 ^Jaj\ j l^Jia^Cr ^A j * jj* x .all djla-j^ll dj!)lj^ajl Ajlda. a jjx4 
jV ^aJd^aia (J^ *\a\\ ^jU 4_j^jl!i]| jjidj A ^Jajl djL^-d jaII j ^ jj* x ^all djL^.j^ll dj!!)lj^aJi dl^.^11 

djU^ll aj jkj ijjjj .((pi) z = 3.141516 J z = 0 ^ Jj L- aVl c> djd*JI) 

.djU.jJ! b^dxlldl djUudjdl dl jd J-q Adlaldl ^dxliill odjdzsk jjL^aJj jlSslj ^ jj* x «all 

6 Jdxl <4 djUU. jl Aj jaJill Aa ^ ja Jid 6^J j ^.1 djlddL jj^J jl Udaj) j£-AJ ^ jj* j^all djL^. j-<Jl dj^j^J Ajjlaj 
^ j tAjjL^a^Vl djIjldV! AjJI*^ 4 (J jd^ .A^^ J^*^^ djIjLuj^U Ajj^ll la*_dall djlddJ ^Jl , jj! J^ x>\j 

dllajjjl Lddjc- 6 jdL <4 jn»j Idb (J£ ^.Lda j-dal! 1/f ^_j-xa L_flj]\Ji]|j (JjWllI j djljlj* \l ^_j-xa jjIjLa]| JdxlLd 

dl jdl AjJaldc-Vl Ajii^jll o j^ dll l_u£jj (3^^ <^5^ ‘ Sjjar j^all djl-a. ja\\ fjj . Sjjxj^II djlAj^ll Ajjlad 

# j^.1 Id^, ^C-lj JHa ^A djl *s d jaII 


S jji-uaJ! 

djUliJl >>> j Sjjxj^II djU. j-<Jl dj!>ljj^j ;AjjaJill 

^Ic- SdlL ou ^A ^ fcn^a> \l j jjujLiaII 6jj» kst\\ djL^.j^ll (d^.1 j ^jjjULd) d^.1 j (J jlLoixi A^^^ ^J?^^ 

o.^Vd djULnll hit ^<4 A lijtnj Ajjaj 4 dili ^J! AiLdaVlj .(bjJstj^all djl^. j^i) D&ubCClliCS djl_^jujjx4 

^j>4 ■ J*v j £ JLujjI£ (JJ^ .OJJ^'1 ojlc. V SjJXj^all djl^. jaII ^jJaiadAll JJJ^ (Jl-A^duiU 

1 ;4 da Ajjouj JL^aj] sUa j!>Lk djUUJl 
JjjVlll (J-<4jdjalX4 djl *S d Jjil djlc. J^4>^<4 i^JA ^jUj] # !}lijaj! dALdj A_uJ J A-LdLdVl D3.Ub6ChiCS ^dljX4 dj!>L<4l*_X4 

# d^,l j dsu djli djl_ajdjA]| ^jU Jsl^V .jj j5» x>\l j ^dLdVl 


(djXol*^ A*jjl) jUc- L_iUaj Daubechies djLaJijj 


• Direct Transform 
o Highpass 

o daub2hd . ascii - 

o (-0.1294095225512604, -0.2241438680420134, 

0.8365163037378079, - 

0.4829629131445341) 

o Lowpass 

o daub21d . ascii - 

o (0.4829629131445341, 0.8365163037378079, 



0.1294095225512604) 


0.2241438680420134, 


• Inverse Transform 
o Highpass 

o daub2hi . ascii - 

o (-0.4829629131445341, 0.8365163037378079, 

-0.2241438680420134, - 

0.1294095225512604) 


o Lowpass 

o daub21i . ascii - 

o (-0 . 1294095225512604, 0.2241438680420134, 

0.8365163037378079, 

0.4829629131445341) 



S j-uiUaI! 1 jJLuall 

j “Ic-LoJl L_JjUc. filaab Jaa.!>U <iaJjudJl dlL£ja3l Ja^-V 

•IjAiCr 


(^yajC- j L_J jujVI j ^UjjVI CjIaL^jVI ^ (Jc-Vl jjjall # 

/ojj* >.o\l dlLa. jsA\ dL^bjaa 


^LLujI I3a .(Jj^-afiJa (J£ju1j L^jJa^C- J 4 ju^)V 1 (JjL-aS ^aJ ^(JjJaSl (J£ju1j (Jiaj (Ja ^Lja jl 







(max -10E-14) c_a!>likVl .b) * jj* tiA^> <jjuAxJ 1 d£bjaJill a) 


(jl cIP^ <-£1Ej ^Liillj 1^ .4 jL^VI S^jj^all s-lij S^lc-V ^J^ixiLaijj ^)j^a]| (Ji^j 

•4_ill!i]| ^pai^iAll u] . ^a <jjaij E4 





(jl ,2 /UjujI S^j-lx x *all djL^.j^ll AjjuKa \ 


Ll>Uj^j3I (JUixIojU £.UJl S^tc.] 



Jj^aVl (jc. lgi2>Ukl (b ^A-m^31 Sjjj^all (a 


JJ ijUll JjlVi ;S 


/ojjj^a ^ic. a jj» j^all dll^. j-Ul (JjWll ^IsuVl 4_1 jUj 3I L_flUJal jjl^aJ U3 ^cajujJ 

6^)jj^all (j-a (_£^)jail]| t jU ll AjIaJI (Ji^J *1^1 ^11 (_£ jIloiaII jj S^jjar kst \\ dA^.j-UI 

•^JaUxi 4 <C-LuJl CJjlic. aL^jU j 


(JKj M # 

4(jia^)*Jl aL^j] ^t*JI (JKj M • 

j t^lajjVl al^j] ^ <JU.I1 jjj-UI iJKj m • 

j ^UjjVI CjIaL^jI UK J JlxJI jj^JI (JKj m • 

.jl^LUl i <ajJo j (_^ jj > «o*i (JKj lK (j-® 

6 Daubechies Jc- ^^Vuu^'l ^.1 J ^ jiLuiUI djli a jj* ^11 cjL^ j-U1 SjjoiUa3I l1l>Uj^j 3I !>lijuj| <jia 

. log(mag+l) 




^ill Ifri-lla (b $ 6 x *all djLa.j^ll S^)juiUa]| <-** ^ 


0jl!il]| ^/ILoal log(mag+l) a-lgj^Ic. ^ ill ^ t^jVl £fjVl cJ^*^ j^Jat-La ^^lij 

.UlaJ! (_£ Jjoull 4-Jjl^ll (j-G I.Ujj <C.LuJ! L-Jjlic- aLajL 


^jjSI b) * JjVI £jjlla) 


<yt jit ^jjII b) $UJU1 I ^jj 5I a) 
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